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This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 

This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U S C 371. 
This is an express request to promptly begin national examination procedures (35 U S.C 371(f)). 

The US has been elected by the expiration of 19 months from the priority date (PCT Article 31). 
A c opy of the International Application as filed (35 U.S.C. 371(c)(2)) 

a. □ is attached hereto (required only if not communicated by the International Bureau). 

b. I x I has been communicated by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 
An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)). 
Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)) 

a. □ are attached hereto (required only if not communicated by the International Bureau). 

b. Ql] have been communicated by the International Bureau. 
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PCT Article 36 (35 U.S.C. 371(c)(5)). 
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Claim 13, line 1, delete "oder 12". 
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No claims have been amended to overcome prior art. 
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international search fee (37 CFR 1.445(a)(2)) paid to USPTO $710.00 
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but all claims did not satisfy provisions of PCT Article 33(l)-(4) $690.00 

International preliminary examination fee paid to USPTO (37 CFR L482) 

and all claims satisfied provisions of PCT Article 33(l)-(4) $100.00 
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| | Applicant claims small entity status. See 37 CFR 1.27. The fees indicated above 
are reduced by 1/2. 
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Processing fee of $130.00 for furnishing the English translation later than EZ]20 OED 30 
months from the earliest claimed priority date (37 CFR 1 .492(f)). + 



$ 130 



TOTAL NATIONAL FEE = 
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Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property 



$ 
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Amount to be 
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charged: 
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I y I A check in the amount of $ 1,120 



to cover the above fees is enclosed. 



b. lj Please charge my Deposit Account No. in the amount of $ to cover the above fees. 

A duplicate copy of this sheet is enclosed. 

The Commissioner is hereby- authorized to charge any additional fees which may be required, or credit any 
oveipayment to Deposit Account No. 50-0687 A duplicate copy of this sheet is enclosed. 

Under Order No.:-. 62-661 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 
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Antisense oligonucleotides for treatment of proliferating 

cells 



The invention relates to oligoribo- and oligodeoxyribonucleotides 
which are suitable for treating pathological conditions 
accompanied by an increased cell proliferation. 

5 Nucleic acid fragments of which the sequence is complementary to 
the coding or "sense" strand of DNA or a messenger RNA (mRNA) and 
which are therefore capable of binding specifically to these 
complementary target sequences (hybridizing) are called antisense 
oligonucleotides. Selective influencing of cell processes is 

10 possible by this means. Antisense oligonucleotides have found 
interest as tools in research and as potential agents for 
antiviral and tumour therapy (E. Uhlmann, A. Peyman, Chemical 
Reviews, 90 (1990) 544-584; S. Agrawal, TIBTECH 10 (1992) 152- 
158) and in some cases have already reached the stage of clinical 

15 research (M.D. Matteucci, R.W. Wagner, Nature 384 (196) 20-22). 

Ki-67 is a cell protein which is produced in all active phases 
of the cell cycle (G w S, G 2 and mitosis), but not during the 
resting phase (G 0 ) . The resting or G 0 phase describes the state 

20 in which the dividing activity of the cell is at rest, i.e. the 
cells have left the active phases of the cell cycle and do not 
divide. Ki-67 is a human nuclear protein, expression of which 
is associated strictly with cell proliferation. Specific 
antibodies against the Ki-67 protein are used in histopathology 

2 5 for determination of the proportion of growing cells in human 
tumours (J. Gerdes, Seminars in Cancer Biology 1 (1990) 199-206). 

It has furthermore been found that proliferation of human IM-9 
cells can be inhibited as a function of the concentration by a 
30 Ki-67 protein antisense 2 ' -deoxyoligonucleotide comprising 21 



bases (C. Schliiter et al . , The Journal of Cell Biology, 123 
(1993) 513-522). The complete nucleotide sequence of the cDNA 
of the Ki-67 protein and the derived amino acid sequence are 
known (Schliiter et al . , loc . cit.). Figure 1 (SEQ ID NO 1) shows 
the sense strand of the Ki-67 cDNA. 

The object of the present invention is to provide antisense 
oligonucleotides which are suitable for treating pathological 
conditions accompanied by an increased cell proliferation. 
Examples of such disease states are tumours, allergies, 
autoimmune diseases, cicatrization, inflammations and rheumatic 
diseases, as well as suppression of rejection reactions in case 
of transplantations . 

This object has been achieved by oligoribo- or 
oligodeoxyribonucleotides , and physiologically acceptable salts 
thereof, which are capable of hybridizing with the mRNA which 
codes for the protein Ki-67. 

It has been found that the oligoribo- or 
oligodeoxyribonucleotides according to the invention have a 
cytotoxic and not only inhibiting action on proliferating cells, 
such as, for example, tumour cells, and cause the death of the 
cells. This finding is surprising in as much as the Ki-67 
protein is not detectable in non-proliferating cells and is thus 
evidently not necessary for survival of the cells. 

Oligonucleotides which hybridise with Ki-67 mRNA at 37°C and a 
physiological saline concentration are preferred. 

Oligoribo- and oligodeoxyribonucleotides, and in particular 
oligodeoxyribonucleotides, of which the sequence is complementary 
to the nucleotide sequence, shown in figure 1 (SEQ ID NO: 1), of 
the sense strand of the cDNA of Ki-67, i.e. at a chain length of 
10 bases has not more than 0 to 4 , preferably 0 to 2 , and even 
more preferably no mismatches, are particularly preferred. 
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Oligoribo- and oligodeoxyribonucleotides which hybridise with a 
nucleotide sequence from the 5' region of the Ki-67 mRNA, i.e. 
oligoribo- or oligodeoxyribonucleotides which are complementary 
to the 5' region of the sequence shown in figure 1, preferably 
5 to a section of the region from position 197 to 2673 or 2673 to 
9962, particularly preferably 197 to 220, have furthermore proved 
to be particularly active. 

The oligonucleotides according to the invention preferably have 
10 a chain length of 12 to 66 nucleotides, particularly preferably 
17 to 46 and very particularly preferably 22 to 46 nucleotides. 

The sequence (SEQ ID NO: 3): 

15 (5'-ACC AGG CGT CTC GTG GGC CAC AT) 

is very particularly preferred. 

Non-modified oligonucleotides, and in particular non-modified 
20 oligoribonucleotides , are subject to nucleolytic degradation to 
a high degree and therefore have only a low stability and 
biological half -life. To improve ability to penetrate through 
membranes and to increase the biological half-life, the bases, 
sugar residues and/or phosphate residues of the oligonucleotides 
25 according to the invention are preferably modified. 

Oligonucleotides in which one or more phosphate groups are 
replaced by phosphothioate , methylphosphonate , phosphoramidate, 
methylene ( methyl imino) (MMI) and/or guanidine groups are 

30 preferred. The structure of these groups is shown in figure 2. 
Thiolated oligonucleotides, i.e. oligonucleotides in which 
phosphate groups are replaced by phosphothioate groups, are 
particularly preferred. One or more of the phosphate groups of 
the oligonucleotide can be modified. In the case of partial 

35 modification, terminal groups are preferably modified, but 
oligonucleotides in which all the phosphate groups are modified 
are most preferred. 
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Preferred sugar modifications comprise replacement of one or more 
ribose residues of the oligonucleotide by hexose (figure 2) or 
by amino acids (peptide nucleic acid, PNA, figure 2). 

5 Modifications of the bases comprise the use of 5-propinyl-uracyl , 
5-propinylcytosine and the tricyclic cytosine analogue 
phenoxazine . 



The synthesis of modified oligonucleotides and further suitable 
10 ways of modification are described in the literature (cf w for 
example, E. Uhlmann, A. Peyman, loc. cit.; M.D. Matteucci, R.W. 
Wagner, loc. cit,). 

The oligonucleotides according to the invention can moreover be 
15 protected against degradation by exo-nucleases by terminal 3 '-3' 
and/or 5 ' -5 ' internucleotide bonds (H. Seliger et al . , 
Nucleosides & Nucleotides 10 (1-3), 469-477 (1991)). 

The oligonucleotides according to the invention can furthermore 
additionally be substituted by groups which promote intracellular 
uptake, which serve In vivo or in vitro as reporter groups, 
and/or groups which, during hybridization of the 
oligoribonucleotide on the target RNA, attack the same by bonding 
or cleavage. 

Examples of groups which promote intracellular uptake are 
lipophilic residues, such as alkyl residues, for example having 
1 to 18 C atoms, cholesteryl or thiocholes teryl groups (E. 
Uhlmann, A. Peyman, loc. cit.) or conjugates which utilise 
natural carrier systems, such as e.g. bile acid or peptides for 
the corresponding receptor (e.g. receptor-mediated endocytosis ) . 

Examples of reporter groups are fluorescent groups (e.g. 
acridinyl, dansyl or fluorescinyl groups) or chemiluminescent 
35 groups, such as e.g. acridinium ester groups. 
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Examples of oligonucleotide conjugates which bond to and/or 
cleave nucleic acids are to be found in E. Uhlmann, A. Peyman, 
loc . cit. Conjugate partners are, inter alia, acridine, 
psolaren, chloroethylaminoaryl , phenanthridine , azidophenacyl , 
5 azidoprof lavine, phenazine, phenanthroline/Cu, porphyrin/Fe , 
benzofejpyridoindole and EDTA/Fe (Mergny et al . , Science 256 
( 1992 ) 1681) . 

The oligonucleotides according to the invention are prepared in 
10 a manner known per se (cf. e.g. E. Uhlmann, A. Peyman, loc. 
cit.). Synthesis on a solid phase with the aid of an automatic 
synthesis apparatus is preferred. 

To prepare medicaments, the oligonucleotides according to the 
15 invention are combined with conventional carrier substances, 
auxiliaries and/or additives. The oligonucleotides are suitable 
for systemic, local, subcutaneous, intrathecal and topical use 
and for administration by enema. For this, they can be used as 
a solution in suitable solvents, preferably aqueous solutions, 
20 in the form of liposomes, as an emulsion or in solid form, for 
example as a powder or in microencapsulated form. 

The amount of oligonucleotides in the medicaments depends on the 
desired use and is preferably adjusted such that an 
25 administration of 0.001 to 100 mg oligonucleotide per kg of body 
weight, preferably 0.001 to 10 mg/kg of body weight, particularly 
preferably 0.01 to 3 mg/kg of body weight is achieved. Treatment 
is preferably carried out by repeated use over a period of one 
day to 6 weeks in a dose of preferably 0.01 to 3 mg/kg per day.. 

30 

The oligonucleotides according to the invention are suitable for 
treating pathological conditions accompanied by an increased cell 
proliferation, in particular for treatment of benign and 
malignant tumours, such as testicular tumours, lymphomas, gastric 
35 carcinomas, bladder carcinomas, mammary carcinomas, bronchial 
carcinomas, sarcomas, renal carcinomas and melanomas, autoimmune 
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diseases, cicatrization, inflammations, allergies, rheumatic 
diseases and rejection reactions in case of transplantations. 

A particular advantage of the oligonucleotides according to the 
5 invention is to be seen in that they allow treatment of tumours 
which are resistant to conventional chemotherapeut ics . Such 
resistances arise either secondarily, i.e. after several 
administrations, with non-specific cytostatics, such as, for 
example, vinblastin or cisplatin, or are already primarily 
10 present with certain tumours, such as, for example, renal 
carcinoma . 

The finding that the oligonucleotides according to the invention 
not only inhibit the growth of cells but also have a cytotoxic 

15 action, i.e. lead to the death of the treated tumour cells, was 
particularly surprising. The cytotoxic action in general starts 
after a treatment time of about 5 to 12 days. A treatment time 
of some months may be necessary for complete destruction of all 
the proliferating cells, whereby the treatment time may be 

20 interrupted by periods of non-treatment. 

The invention is explained in more detail with the following 
examples . 

2 5 Example 1 

Action on the growth of RT4 cells in the multicellular 

spheroid test 

30 The action of oligonucleotides according to the invention on 
bladder carcinoma cells of the cell line RT4 was investigated on 
multicellular spheroids and compared with corresponding sense and 
missense strands as a control. 

35 For this, 2 ' -deoxyoligonucleotides with the following sequences 
were prepared in a known manner (Uhlmann and Peyman, loc . cit.): 
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start-2-anti 5 ' -ACC AGG CGT CTC GTG GGC CAC AT 

start-2-sense 5 ' -ATG TGG CCC ACG AGA CGC CTG GT 

missense 5 ' -AGT ACT CAG TAA CGC CTA CGG TAA G 

5 Unless stated otherwise, all the oligonucleotides were employed 
in thiolated form, i.e. one oxygen atom of the phosphoric acid 
radicals was replaced by a sulphur atom. 

Multicellular spheroids of the cell line RT-4 (ATCC no.: HTB2 ) 

10 were prepared by the method of Carlsson & Yuhas (J. Carlsson and 
J.M. Yuhas, Liquid-overlay culture of cellular spheroids, Recent 
Results in Cancer Research 95; 1-23, 1984). After four days the 
multicellular spheroids showed a spherical morphology with a 
pronounced, sharp demarcation. The RT4 multicellular spheroids 

15 were then incubated in the presence of 120 umol/1 of the 
particular oligonucleotides in culture media at 37^C with 5% C0 2 
and the change in the spheroid diameter was measured. The 
oligonucleotides were introduced into the medium directly after 
the period of time necessary for formation of the spheroids. On 

2 0 the one hand a sample to which no oligonucleotides were added 
(control) and on the other hand the missense and sense 
oligonucleotide samples served as negative controls. Thereafter, 
the diameter of the multicellular spheroids was measured at 
intervals of 2 days. Three identical batches were investigated 

25 per test and the mean was then obtained. The results are plotted 
as a graph in figure 3. 

An increase in the spheroid diameter to 132% of the starting 
value was observed in the control, while the addition of the 

30 thiolated missense oligonucleotide caused a stop in growth. The 
addition of the sense oligodeoxynucleotide caused a slight 
reduction in the spheroid diameter to 90%, while the antisense 
oligonucleotide led to a rapid decrease in the spheroid diameter 
down to complete dissolution of the spheroid on the 12th day of 

35 incubation. 
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After co-incubation of the multicellular spheroids with 
oligonucleotides, these were furthermore tested in respect of 
their vitality with the aid of fluorescent dyes. The dyes used 
for this were f luorescein-labelled disodium acetate ( F ITC-FDA) 
5 and propidium iodide (PI). Each multicellular spheroid was 
incubated with 2 ul F ITC-FDA in a concentration of 1 umol/1 for 
20 minutes and with 10 jjlI PI (concentration: 20 ug/ml ) for 10 
minutes. Under a fluorescence microscope living cells appear 
green due to the F ITC-FDA staining and dead cells appear red due 
10 to the PI staining. A pronounced cytotoxic reaction of the cells 
investigated in the antisense-treated group was found. 

The results show that the antisense oligonucleotide according to 
the invention is cytotoxic to the tumour cell line tested and 
15 causes irreversible cell damage, which leads to death of the 
cell. 

To rule out the solvent alone having an influence on growth, 
corresponding control experiments were carried out with the 
20 solvent (solvent; only the solvent of the oligonucleotides, but 
not the oligonucleotides themselves, was added), which showed 
that this influencing parameter was to be ignored (cf . figure 4) . 

Example 2 

25 

Action on the growth of RT4 cells by microinjection 

The action of the oligonucleotides mentioned in example 1 on RT4 
cells by direct injection of the compounds into the cell was 

30 investigated. The oligonucleotides were employed in non-modified 
(non-thiolated) form for this experiment. By this test, on the 
one hand the activity of non-modified oligonucleotides is to be 
demonstrated, and on the other hand non-specific binding of the 
oligodeoxynucleotides to cell membrane receptors being 

35 responsible for the effects described in example 1 is to be ruled 
out . 
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RT4 cells were sown on special cover glasses (CELLocate~ cover 
glasses, Eppendorf). A grid etched into the centre of these 
cover glasses facilitates finding the injected cells again. 
Before the cells were sown the cover glasses were placed in Petri 
5 dishes with a diameter of 3.5 cm and wetted with in each case 
1 ul fibronectin, which ensures better attachment of the cells. 
1.5 x 10* cells, which had been dissolved beforehand by means of 
trypsin, were then sown per dish in 2 . 5 ml supplemented RPMI 1640 
medium and were cultured at 3 7^c overnight in an incubating 
10 cabinet. 



The microinjection was carried out with the aid of a trans jector 
5246 and micromanipulator 5171 (Eppendorf) under light microscope 
control (inverse microscope type Leitz DMIL, Leica) . The 

15 microinjection capillaries were filled with in each case 2.0 [il 
oligonucleotide solution (concentration 120 umol/1) with the aid 
of Mikroloader* pipette tips (Eppendorf). The concentration was 
adjusted with sterile-filtered phosphate-buffered saline solution 
(PBS). To check the permeability of the filled capillaries, the 

20 clean function of the transjector was employed under microscopic 
control. With the capillary open, after immersion into the 
culture medium a uniform outflow of injection liquid was 
observed. The injection pressure was set empirically at 130 hPa 
and corrected after the first injections such that the injection 

25 led to a clear increase in the size of the cell, without 
destroying it. The injection time was between 0.3 and 0.5 
second . 



For the cytoplasmic injections, the capillary tip was brought up 
to the cytoplasm until a reflection of light caused by pressure 
on the cell was to be observed. The capillary was then raised 
again a few urn and the automatic injection movement was triggered 
by pressing the button. During the injection the injection limit 
could be corrected upwards or downwards in 0.14 urn steps, so that 
irregularities in the cell substrate could be compensated. For 
comparative studies, microinjection capillaries which were drawn 
in one working operation were used in order to keep the amount 
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of liquid flowing out per injection as constant as possible for 
the same injection parameters. Nevertheless, the volume 
initiated varied from cell to cell, since the injection pressure 
and therefore the solution to be injected could spread out to a 
5 better or worse degree, depending on the region hit. To minimize 
the effects of cooling and a pH shift of the culture medium on 
the growth behaviour of the cells, the total injection time per 
cell culture dish was limited to 15 minutes. 

The results of the test are plotted as a graph in fig. 5. It was 
found that injection of antisense oligonucleotides and a 
subsequent incubation time of 22 hours resulted in a loss of 
adhesion in approx. 70% of the cells. Since only living cells 
remain adhered to the cover glass, this result is to be equated 
with death of 70% of the cells. Injection of the sense or 
missense oligonucleotides led only to a loss of adhesion in 30% 
of the cells in each case, and sole injection of the solvent 
(PBS) led to a loss of adhesion in 10% of the cells. 

2 0 Example 3 

Action on the growth of J82 cells 

The action of the oligonucleotides on the human bladder tumour 
25 cells line J82 was investigated analogously to example 1. The 
thiolated antisense oligonucleotide in a concentration of 120 
umol/1 led to a decrease in the spheroid diameter by 20% after 
11 days, while the spheroid diameter of the control increased by 
about 30% in the same period of time (fig. 6). 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANT: 

(A) NAME: For schungs zent rum Borstel 

(B) STREET: Parkallee 1-40 

(C) CITY: 'Borstel 

10 (D) State: Schleswig-Holstein 

(E) COUNTRY: Germany 

(F) POSTAL CODE: D 23845 

(ii) TITLE OF INVENTION: Ant isense-Oligonucleo tides for treating 
15 proliferating cells 

(iii) NUMBER OF SEQUENCES: 3 

(iv) COMPUTER READABLE FORM: 
2 0 (A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPA) 



(2) INFORMATION FOR SEQ ID NO : 1: 



(i) SEQUENZ CHARACTERISTICS: 

(A) LENGTH: 12493 base pairs 
30 (B) TYPE: Nucleotid 

(C) STRANDEDNESS: dopple strand 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNS 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 197.. 9964 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1: 

CTACCGGGCG GAGGTGAGCG CGGCGCCGGC TCCTCCTGCG GCGGACTTTG GGTGCGACTT 60 

GACGAGCGGT GGTTCGACAA GTGGCCTTGC GGGCCGGATC GTCCCAGTGG AAGAGTTGTA 120 

AATTTGCTTC TGGCCTTCCC CTACGGATTA TACCTGGCCT TCCCCTACGG ATTATACTCA 18 0 



50 ACTTACTGTT TAGAAA ATG TGG CCC ACG AGA CGC CTG GTT ACT ATC AAA 22 9 

Met Trp Pro Thr Arg Arg Leu Val Thr lie Lys 
15 10 

AGG AGC GGG GTC GAC GGT CCC CAC TTT CCC CTG AGC CTC AGC ACC TGC 27 7 

55 Arg Ser Gly Val Asp Gly Pro His Phe Pro Leu Ser Leu Ser Thr Cys 
15 20 25 

TTG TTT GGA AGG GGT ATT GAA TGT GAC ATC CGT ATC CAG CTT CCT GTT 325 
Leu Phe Gly Arg Gly lie Glu Cys Asp lie Arg lie Gin Leu Pro Val 
60 30 35 40 

GTG TCA AAA CAA CAT TGC AAA GTT GAA ATC CAT GAG CAG GAG GCA ATA 3 73 

Val Ser Lys Gin His Cys Lys Val Glu He His Glu Gin Glu Ala He 
45 50 55 

65 
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TTA CAT AAT TTC AGT TCC ACA AAT CCA ACA CAA GTA AAT GGG TCT GTT 421 

Leu His Asn Phe Ser Ser Thr Asn Pro Thr Gin Val Asn Gly Ser Val 
60 65 70 75 

5 ATT GAT GAG CCT GTA CGG CTA AAA CAT GGA GAT GTA ATA ACT ATT ATT 469 
lie Asp Glu Pro Val Arg Leu Lys His Gly Asp Val lie Thr lie lie 
80 85 90 

GAT CGT TCC TTC AGG TAT GAA AAT GAA AGT CTT CAG AAT GGA AGG AAG 517 
10 Asp Arg Ser Phe Arg Tyr Glu Asn Glu Ser Leu Gin Asn Gly Arg Lys 
95 100 105 

TCA ACT GAA TTT CCA AGA AAA ATA CGT GAA CAG GAG CCA GCA CGT CGT 565 
Ser Thr Glu Phe Pro Arg Lys He Arg Glu Gin Glu Pro Ala Arg Arg 
15 110 115 120 



20 



GTC TCA AGA TCT AGC TTC TCT TCT GAC CCT GAT GAG AAA GCT CAA GAT 613 
Val Ser Arg Ser Ser Phe Ser Ser Asp Pro Asp Glu Lys Ala Gin Asp 
125 130 135 

TCC AAG GCC TAT TCA AAA ATC ACT GAA GGA AAA GTT TCA GGA AAT CCT 661 
Ser Lys Ala Tyr Ser Lys He Thr Glu Gly Lys Val Ser Gly Asn Pro 
140 145 150 155 

2 5 CAG GTA CAT ATC AAG AAT GTC AAA GAA GAC AGT ACC GCA GAT GAC TCA 709 
Gin Val His He Lys Asn Val Lys Glu Asp Ser Thr Ala Asp Asp Ser 
160 165 170 

AAA GAC AGT GTT GCT CAG GGA ACA ACT AAT GTT CAT TCC TCA GAA CAT 757 
30 Lys Asp Ser Val Ala Gin Gly Thr Thr Asn Val His Ser Ser Glu His 
175 180 185 

GCT GGA CGT AAT GGC AGA AAT GCA GCT GAT CCC ATT TCT GGG GAT TTT 805 
Ala Gly Arg Asn Gly Arg Asn Ala Ala Asp Pro He Ser Gly Asp Phe 
35 190 195 200 

AAA GAA ATT TCC AGC GTT AAA TTA GTG AGC CGT TAT GGA GAA TTG AAG 853 

Lys Glu He Ser Ser Val Lys Leu Val Ser Arg Tyr Gly Glu Leu Lys 
205 210 215 

40 

TCT GTT CCC ACT ACA CAA TGT CTT GAC AAT AGC AAA AAA AAT GAA TCT 901 

Ser Val Pro Thr Thr Gin Cys Leu Asp Asn Ser Lys Lys Asn Glu Ser 
220 225 230 235 

4 5 CCC TTT TGG AAG CTT TAT GAG TCA GTG AAG AAA GAG TTG GAT GTA AAA 949 
Pro Phe Trp Lys Leu Tyr Glu Ser Val Lys Lys Glu Leu Asp Val Lys 
240 245 250 

TCA CAA AAA GAA AAT GTC CTA CAG TAT TGT AGA AAA TCT GGA TTA CAA 997 
50 Ser Gin Lys Glu Asn Val Leu Gin Tyr Cys Arg Lys Ser Gly Leu Gin 
255 260 265 

ACT GAT TAC GCA ACA GAG AAA GAA AGT GCT GAT GGT TTA CAG GGG GAG 1045 
Thr Asp Tyr Ala Thr Glu Lys Glu Ser Ala Asp Gly Leu Gin Gly Glu 
55 270 275 280 

ACC CAA CTG TTG GTC TCG CGT AAG TCA AGA CCA AAA TCT GGT GGG AGC 1093 
Thr Gin Leu Leu Val Ser Arg Lys Ser Arg Pro Lys Ser Gly Gly Ser 
285 290 295 



60 



65 



GGC CAC GCT GTG GCA GAG CCT GCT TCA CCT GAA CAA GAG CTT GAC CAG 1141 
Gly His Ala Val Ala Glu Pro Ala Ser Pro Glu Gin Glu Leu Asp Gin 
300 305 310 315 
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AAC AAG GGG AAG GGA AGA GAG GTG GAG TCT GTT GAG ACT CCC AGC AAG 1189 

Asn Lys Gly Lys Gly Arg Asp Val Glu Ser Val Gin Thr Pro Ser Lys 
320 325 330 

5 GCT GTG GGC GCC AGC TTT CCT CTC TAT GAG CCG GCT AAA ATG AAG ACC 123 7 

Ala Val Gly Ala Ser Phe Pro Leu Tyr Glu Pro Ala Lys Met Lys Thr 
335 340 345 

CCT GTA CAA TAT TCA CAG CAA CAA AAT TCT CCA CAA AAA CAT AAG AAC 1285 
10 Pro Val Gin Tyr Ser Gin Gin Gin Asn Ser Pro Gin Lys His Lys Asn 
350 355 360 

AAA GAC CTG TAT ACT ACT GGT AGA AGA GAA TCT GTG AAT CTG GGT AAA 13 3 3 

Lys Asp Leu Tyr Thr Thr Gly Arg Arg Glu Ser Val Asn Leu Gly Lys 
15 365 370 375 

AGT GAA GGC TTC AAG GCT GGT GAT AAA ACT CTT ACT CCC AGG AAG CTT 13 81 

Ser Glu Gly Phe Lys Ala Gly Asp Lys Thr Leu Thr Pro Arg Lys Leu 
380 385 390 395 



20 



40 



60 



65 



TCA ACT AGA AAT CGA ACA CCA GCT AAA GTT GAA GAT GCA GCT GAC TCT 1429 
Ser Thr Arg Asn Arg Thr Pro Ala Lys Val Glu Asp Ala Ala Asp Ser 
400 405 410 



2 5 GCC ACT AAG CCA GAA AAT CTC TCT TCC AAA ACC AGA GGA AGT ATT CCT 14 77 

Ala Thr Lys Pro Glu Asn Leu Ser Ser Lys Thr Arg Gly Ser lie Pro 

415 420 425 

ACA GAT GTG GAA GTT CTG CCT ACG GAA ACT GAA ATT CAC AAT GAG CCA 1525 

30 Thr Asp Val Glu Val Leu Pro Thr Glu Thr Glu He His Asn Glu Pro 
430 435 440 

TTT TTA ACT CTG TGG CTC ACT CAA GTT GAG AGG AAG ATC CAA AAG GAT 1573 

Phe Leu Thr Leu Trp Leu Thr Gin Val Glu Arg Lys He Gin Lys Asp 
35 445 450 455 

TCC CTC AGC AAG CCT GAG AAA TTG GGC ACT ACA GCT GGA CAG ATG TGC 1621 

Ser Leu Ser Lys Pro Glu Lys Leu Gly Thr Thr Ala Gly Gin Met Cys 

460 465 470 475 



TCT GGG TTA CCT GGT CTT AGT TCA GTT GAT ATC AAC AAC TTT GGT GAT 1669 
Ser Gly Leu Pro Gly Leu Ser Ser Val Asp He Asn Asn Phe Gly Asp 
480 485 490 



4 5 TCC ATT AAT GAG AGT GAG GGA ATA CCT TTG AAA AGA AGG CGT GTG TCC 1717 

Ser He Asn Glu Ser Glu Gly He Pro Leu Lys Arg Arg Arg Val Ser 
495 500 505 

TTT GGT GGG CAC CTA AGA CCT GAA CTA TTT GAT GAA AAC TTG CCT CCT 1765 

50 Phe Gly Gly His Leu Arg Pro Glu Leu Phe Asp Glu Asn Leu Pro Pro 
510 515 520 

AAT ACG CCT CTC AAA AGG GGA GAA GCC CCA ACC AAA AGA AAG TCT CTG 1813 

Asn Thr Pro Leu Lys Arg Gly Glu Ala Pro Thr Lys Arg Lys Ser Leu 
55 525 530 535 

GTA ATG CAC ACT CCA CCT GTC CTG AAG AAA ATC ATC AAG GAA CAG CCT 1861 

Val Met His Thr Pro Pro Val Leu Lys Lys He He Lys Glu Gin Pro 

540 545 550 555 



CAA CCA TCA GGA AAA CAA GAG TCA GGT TCA GAA ATC CAT GTG GAA GTG 1909 
Gin Pro Ser Gly Lys Gin Glu Ser Gly Ser Glu He His Val Glu Val 
560 565 570 



H ^» ^ 1)1 O ll 3 O £:» O id* !,!:!! Hb o 



- 14 - 

AAG GCA CAA AGC TTG GTT ATA AGC CCT CCA GCT CCT AGT CCT AGG AAA 1957 

Lys Ala Gin Ser Leu Val lie Ser Pro Pro Ala Pro Ser Pro Arg Lys 
575 580 585 

5 ACT CCA GTT GCC AGT GAT CAA CGC CGT AGG TCC TGC AAA ACA GCC CCT 2005 

Thr Pro Val Ala Ser Asp Gin Arg Arg Arg Ser Cys Lys Thr Ala Pro 
590 595 600 

GCT TCC AGC AGC AAA TCT CAG ACA GAG GTT CCT AAG AGA GGA GGA GAA 2053 

10 Ala Ser Ser Ser Lys Ser Gin Thr Glu Val Pro Lys Arg Giy Gly Glu 
605 610 615 

AGA GTG GCA ACC TGC CTT CAA AAG AGA GTG TCT ATC AGC CGA AGT CAA 2101 

Arg Val Ala Thr Cys Leu Gin Lys Arg Val Ser lie Ser Arg Ser Gin 
15 620 625 630 635 

CAT GAT ATT TTA CAG ATG ATA TGT TCC AAA AGA AGA AGT GGT GCT TCG 2149 

His Asp lie Leu Gin Met lie Cys Ser Lys Arg Arg Ser Gly Ala Ser 
640 645 650 



20 



40 



60 



65 



GAA GCA AAT CTG ATT GTT GCA AAA TCA TGG GCA GAT GTA GTA AAA CTT 2197 
Glu Ala Asn Leu lie Val Ala Lys Ser Trp Ala Asp Val Val Lys Leu 
655 660 665 



2 5 GGT GCA AAA CAA ACA CAA ACT AAA GTC ATA AAA CAT GGT CCT CAA AGG 2245 

Gly Ala Lys Gin Thr Gin Thr Lys Val lie Lys His Gly Pro Gin Arg 

670 675 680 

TCA ATG AAC AAA AGG CAA AGA AGA CCT GCT ACT CCA AAG AAG CCT GTG 2293 

30 Ser Met Asn Lys Arg Gin Arg Arg Pro Ala Thr Pro Lys Lys Pro Val 

685 690 695 

GGC GAA GTT CAC AGT CAA TTT AGT ACA GGC CAC GCA AAC TCT CCT TGT 2341 

Gly Glu Val His Ser Gin Phe Ser Thr Gly His Ala Asn Ser Pro Cys 

35 700 705 710 715 

ACC ATA ATA ATA GGG AAA GCT CAT ACT GAA AAA GTA CAT GTG CCT GCT 238 9 

Thr lie lie He Gly Lys Ala His Thr Glu Lys Val His Val Pro Ala 
720 725 730 



CGA CCC TAC AGA GTG CTC AAC AAC TTC ATT TCC AAC CAA AAA ATG GAC 243 7 

Arg Pro Tyr Arg Val Leu Asn Asn Phe He Ser Asn Gin Lys Met Asp 
735 740 745 



45 TTT AAG GAA GAT CTT TCA GGA ATA GCT GAA ATG TTC AAG ACC CCA GTG 2485 

Phe Lys Glu Asp Leu Ser Gly He Ala Glu Met Phe Lys Thr Pro Val 
750 755 760 

AAG GAG CAA CCG CAG TTG ACA AGC ACA TGT CAC ATC GCT ATT TCA AAT 253 3 

50 Lys Glu Gin Pro Gin Leu Thr Ser Thr Cys His He Ala He Ser Asn 

765 770 775 

TCA GAG AAT TTG CTT GGA AAA CAG TTT CAA GGA ACT GAT TCA GGA GAA 2581 

Ser Glu Asn Leu Leu Gly Lys Gin Phe Gin Gly Thr Asp Ser Gly Glu 
55 780 785 790 795 

GAA CCT CTG CTC CCC ACC TCA GAG AGT TTT GGA GGA AAT GTG TTC TTC 2629 

Glu Pro Leu Leu Pro Thr Ser Glu Ser Phe Gly Gly Asn Val Phe Phe 
800 805 810 



AGT GCA CAG AAT GCA GCA AAA CAG CCA TCT GAT AAA TGC TCT GCA AGC 267 7 

Ser Ala Gin Asn Ala Ala Lys Gin Pro Ser Asp Lys Cys Ser Ala Ser 
815 820 825 
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CCT CCC TTA AGA CGG CAG TGT ATT AGA GAA AAT GGA AAC GTA GCA AAA 2 725 

Pro Pro Leu Arg Arg Gin Cys lie Arg Glu Asn Gly Asn Val Ala Lys 
830 835 840 

5 ACG CCC AGG AAC ACC TAC AAA ATG ACT TCT CTG GAG ACA AAA ACT TCA 2773 
Thr Pro Arg Asn Thr Tyr Lys Met Thr Ser Leu Glu Thr Lys Thr Ser 
845 850 855 

GAT ACT GAG ACA GAG CCT TCA AAA ACA GTA TCC ACT GTA AAC AGG TCA 2821 
10 Asp Thr Glu Thr Glu Pro Ser Lys Thr Val Ser Thr Val Asn Arg Ser 
860 865 870 875 

GGA AGG TCT ACA GAG TTC AGG AAT ATA CAG AAG CTA CCT GTG GAA AGT 2869 
Gly Arg Ser Thr Glu Phe Arg Asn lie Gin Lys Leu Pro Val Glu Ser 
15 880 885 890 

AAG AGT GAA GAA ACA AAT ACA GAA ATT GTT GAG TGC ATC CTA AAA AGA 2917 
Lys Ser Glu Glu Thr Asn Thr Glu lie Val Glu Cys lie Leu Lys Arg 
895 900 905 



20 



GGT CAG AAG GCA ACA CTA CTA CAA CAA AGG AGA GAA GGA GAG ATG AAG 2965 
Gly Gin Lys Ala Thr Leu Leu Gin Gin Arg Arg Glu Gly Glu Met Lys 
910 915 920 



2 5 GAA ATA GAA AGA CCT TTT GAG ACA TAT AAG GAA AAT ATT GAA TTA AAA 3013 
Glu lie Glu Arg Pro Phe Glu Thr Tyr Lys Glu Asn lie Glu Leu Lys 
925 930 935 

. GAA AAC GAT GAA AAG ATG AAA GCA ATG AAG AGA TCA AGA ACT TGG GGG 3 061 

30 Glu Asn Asp Glu Lys Met Lys Ala Met Lys Arg Ser Arg Thr Trp Gly 
940 945 950 955 

CAG AAA TGT GCA CCA ATG TCT GAC CTG ACA GAC CTC AAG AGC TTG CCT 3109 
Gin Lys Cys Ala Pro Met Ser Asp Leu Thr Asp Leu Lys Ser Leu Pro 
35 960 965 970 

GAT ACA GAA CTC ATG AAA GAC ACG GCA CGT GGC CAG AAT CTC CTC CAA 3157 
Asp Thr Glu Leu Met Lys Asp Thr Ala Arg Gly Gin Asn Leu Leu Gin 
975 980 985 



40 



ACC CAA GAT CAT GCC AAG GCA CCA AAG AGT GAG AAA GGC AAA ATC ACT 3205 
Thr Gin Asp His Ala Lys Ala Pro Lys Ser Glu Lys Gly Lys lie Thr 
990 995 1000 



4 5 AAA ATG CCC TGC CAG TCA TTA CAA CCA GAA CCA ATA AAC ACC CCA ACA 3 253 

Lys Met Pro Cys Gin Ser Leu Gin Pro Glu Pro lie Asn Thr Pro Thr 
1005 1010 1015 

CAC ACA AAA CAA CAG TTG AAG GCA TCC CTG GGG AAA GTA GGT GTG AAA 3301 
50 His Thr Lys Gin Gin Leu Lys Ala Ser Leu Gly Lys Val Gly Val Lys 
1020 1025 1030 1035 

GAA GAG CTC CTA GCA GTC GGC AAG TTC ACA CGG ACG TCA GGG GAG ACC 3 3 49 

Glu Glu Leu Leu Ala Val Gly Lys Phe Thr Arg Thr Ser Gly Glu Thr 
55 1040 1045 1050 

ACG CAC ACG CAC AGA GAG CCA GCA GGA GAT GGC AAG AGC ATC AGA ACG 3 3 97 

Thr His Thr His Arg Glu Pro Ala Gly Asp Gly Lys Ser lie Arg Thr 
1055 1060 1065 



60 



TTT AAG GAG TCT CCA AAG CAG ATC CTG GAC CCA GCA GCC CGT GTA ACT 3 445 

Phe Lys Glu Ser Pro Lys Gin lie Leu Asp Pro Ala Ala Arg Val Thr 
1070 1075 1080 



65 
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GGA ATG AAG AAG TGG CCA AGA ACG CCT AAG GAA GAG GCC CAG TCA CTA 3493 

Gly Met Lys Lys Trp Pro Arg Thr Pro Lys Glu Glu Ala Gin Ser Leu 
1085 1090 1095 

5 GAA GAC CTG GCT GGC TTC AAA GAG CTC TTC CAG ACA CCA GGT CCC TCT 3 5 41 

Glu Asp Leu Ala Gly Phe Lys Glu Leu Phe Gin Thr Pro Gly Pro Ser 

1100 1105 1110 1115 

GAG GAA TCA ATG ACT GAT GAG AAA ACT ACC AAA ATA GCC TGC AAA TCT 3 589 

10 Glu Glu Ser Met Thr Asp Glu Lys Thr Thr Lys lie Ala Cys Lys Ser 

1120 1125 1130 

CCA CCA CCA GAA TCA GTG GAC ACT CCA ACA AGC ACA AAG CAA TGG CCT 3 63 7 

Pro Pro Pro Glu Ser Val Asp Thr Pro Thr Ser Thr Lys Gin Trp Pro 
15 1135 1140 1145 



20 



60 



65 



AAG AGA AGT CTC AGG AAA GCA GAT GTA GAG GAA GAA TTC TTA GCA CTC 3 685 
Lys Arg Ser Leu Arg Lys Ala Asp Val Glu Glu Glu Phe Leu Ala Leu 
1150 1155 1160 

AGG AAA CTA ACA CCA TCA GCA GGG AAA GCC ATG CTT ACG CCC AAA CCA 3 733 
Arg Lys Leu Thr Pro Ser Ala Gly Lys Ala Met Leu Thr Pro Lys Pro 
1165 1170 1175 



2 5 GCA GGA GGT GAT GAG AAA GAC ATT AAA GCA TTT ATG GGA ACT CCA GTG 3 781 

Ala Gly Gly Asp Glu Lys Asp lie Lys Ala Phe Met Gly Thr Pro Val 
1180 1185 1190 1195 

CAG AAA CTG GAC CTG GCA GGA ACT TTA CCT GGC AGC AAA AGA CAG CTA 3 829 

30 Gin Lys Leu Asp Leu Ala Gly Thr Leu Pro Gly Ser Lys Arg Gin Leu 

1200 1205 1210 

CAG ACT CCT AAG GAA AAG GCC CAG GCT CTA GAA GAC CTG GCT GGC TTT 3 87 7 

Gin Thr Pro Lys Glu Lys Ala Gin Ala Leu Glu Asp Leu Ala Gly Phe 
35 1215 1220 1225 

AAA GAG CTC TTC CAG ACT CCT GGT CAC ACC GAG GAA TTA GTG GCT GCT 3 925 

Lys Glu Leu Phe Gin Thr Pro Gly His Thr Glu Glu Leu Val Ala Ala 

1230 1235 1240 

40 

GGT AAA ACC ACT AAA ATA CCC TGC GAC TCT CCA CAG TCA GAC CCA GTG 3 973 

Gly Lys Thr Thr Lys lie Pro Cys Asp Ser Pro Gin Ser Asp Pro Val 

1245 1250 1255 

45 GAC ACC CCA ACA AGC ACA AAG CAA CGA CCC AAG AGA AGT ATC AGG AAA 4021 
Asp Thr Pro Thr Ser Thr Lys Gin Arg Pro Lys Arg Ser He Arg Lys 
1260 1265 1270 1275 

GCA GAT GTA GAG GGA GAA CTC TTA GCG TGC AGG AAT CTA ATG CCA TCA 406 9 

50 Ala Asp Val Glu Gly Glu Leu Leu Ala Cys Arg Asn Leu Met Pro Ser 

1280 1285 1290 

GCA GGC AAA GCC ATG CAC ACG CCT AAA CCA TCA GTA GGT GAA GAG AAA 4117 
Ala Gly Lys Ala Met His Thr Pro Lys Pro Ser Val Gly Glu Glu Lys 
55 1295 1300 1305 

GAC ATC ATC ATA TTT GTG GGA ACT CCA GTG CAG AAA CTG GAC CTG ACA 4165 
Asp He He He Phe Val Gly Thr Pro Val Gin Lys Leu Asp Leu Thr 
1310 1315 1320 



GAG AAC TTA ACC GGC AGC AAG AGA CGG CCA CAA ACT CCT AAG GAA GAG 4213 
Glu Asn Leu Thr Gly Ser Lys Arg Arg Pro Gin Thr Pro Lys Glu Glu 
1325 1330 1335 
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GCC CAG GCT CTG GAA GAC CTG ACT GGC TTT AAA GAG CTC TTC CAG ACC 4261 

Ala Gin Ala Leu Glu Asp Leu Thr Gly Phe Lys Glu Leu Phe Gin Thr 
1340 1345 1350 1355 

5 CCT GGT CAT ACT GAA GAA GCA GTG GCT GCT GGC AAA ACT ACT AAA ATG 43 09 

Pro Gly His Thr Glu Glu Ala Val Ala Ala Gly Lys Thr Thr Lys Met 
1360 1365 1370 

CCC TGC GAA TCT TCT CCA CCA GAA TCA GCA GAC ACC CCA ACA AGC ACA 43 57 

10 Pro Cys Glu Ser Ser Pro Pro Glu Ser Ala Asp Thr Pro Thr Ser Thr 
1375 1380 ^ 1385 

AGA AGG CAG CCC AAG ACA CCT TTG GAG AAA AGG GAC GTA CAG AAG GAG 4405 
Arg Arg Gin Pro Lys Thr Pro Leu Glu Lys Arg Asp Val Gin Lys Glu 
15 1390 1395 1400 

CTC TCA GCC CTG AAG AAG CTC ACA CAG ACA TCA GGG GAA ACC ACA CAC 4453 
Leu Ser Ala Leu Lys Lys Leu Thr Gin Thr Ser Gly Glu Thr Thr His 
1405 1410 1415 



20 



40 



60 



ACA GAT AAA GTA CCA GGA GGT GAG GAT AAA AGC ATC AAC GCG TTT AGG 45 01 

Thr Asp Lys Val Pro Gly Gly Glu Asp Lys Ser lie Asn Ala Phe Arg 
1420 1425 1430 1435 



25 GAA ACT GCA AAA CAG AAA CTG GAC CCA GCA GCA AGT GTA ACT GGT AGC 4549 
Glu Thr Ala Lys Gin Lys Leu Asp Pro Ala Ala Ser Val Thr Gly Ser 
1440 1445 1450 

AAG AGG CAC CCA AAA ACT AAG GAA AAG GCC CAA CCC CTA GAA GAC CTG 4597 
30 Lys Arg His Pro Lys Thr Lys Glu Lys Ala Gin Pro Leu Glu Asp Leu 
1455 1460 1465 

GCT GGC TGG AAA GAG CTC TTC CAG ACA CCA GTA TGC ACT GAC AAG CCC 4645 
Ala Gly Trp Lys Glu Leu Phe Gin Thr Pro Val Cys Thr Asp Lys Pro 
35 1470 1475 1480 

ACG ACT CAC GAG AAA ACT ACC AAA ATA GCC TGC AGA TCA CAA CCA GAC 4693 
Thr Thr His Glu Lys Thr Thr Lys lie Ala Cys Arg Ser Gin Pro Asp 
1485 1490 1495 



CCA GTG GAC ACA CCA ACA AGC TCC AAG CCA CAG TCC AAG AGA AGT CTC 4741 
Pro Val Asp Thr Pro Thr Ser Ser Lys Pro Gin Ser Lys Arg Ser Leu 
1500 1505 1510 1515 



45 AGG AAA GTG GAC GTA GAA GAA GAA TTC TTC GCA CTC AGG AAA CGA ACA 4789 
Arg Lys Val Asp Val Glu Glu Glu Phe Phe Ala Leu Arg Lys Arg Thr 
1520 1525 1530 

CCA TCA GCA GGC AAA GCC ATG CAC ACA CCC AAA CCA GCA GTA AGT GGT 483 7 

50 Pro Ser Ala Gly Lys Ala Met His Thr Pro Lys Pro Ala Val Ser Gly 
1535 1540 1545 

GAG AAA AAC ATC TAC GCA TTT ATG GGA ACT CCA GTG CAG AAA CTG GAC 4885 
Glu Lys Asn lie Tyr Ala Phe Met Gly Thr Pro Val Gin Lys Leu Asp 
55 1550 1555 1560 

CTG ACA GAG AAC TTA ACT GGC AGC AAG AGA CGG CTA CAA ACT CCT AAG 493 3 

Leu Thr Glu Asn Leu Thr Gly Ser Lys Arg Arg Leu Gin Thr Pro Lys 
1565 1570 1575 



GAA AAG GCC CAG GCT CTA GAA GAC CTG GCT GGC TTT AAA GAG CTC TTC 4981 
Glu Lys Ala Gin Ala Leu Glu Asp Leu Ala Gly Phe Lys Glu Leu Phe 
1580 1585 1590 1595 



65 
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CAG ACA CGA GGT CAC ACT GAG GAA TCA ATG ACT AAC GAT AAA ACT GCC 5029 

Gin Thr Arg Gly His Thr Glu Glu Ser Met Thr Asn Asp Lys Thr Ala 
1600 1605 1610 

5 AAA GTA GCC TGC AAA TCT TCA CAA CCA GAC CTA GAC AAA AAC CCA GCA 5077 

Lys Val Ala Cys Lys Ser Ser Gin Pro Asp Leu Asp Lys Asn Pro Ala 
1615 1620 1625 

AGC TCC AAG CGA CGG "CTC AAG ACA TCC CTG GGG AAA GTG GGC GTG AAA 5125 

10 Ser Ser Lys Arg Arg Leu Lys Thr Ser Leu Gly Lys Val Gly Val Lys 
1630 1635 1640 

GAA GAG CTC CTA GCA GTT GGC AAG CTC ACA CAG ACA TCA GGA GAG ACT 5173 

Glu Glu Leu Leu Ala Val Gly Lys Leu Thr Gin Thr Ser Gly Glu Thr 

15 1645 1650 1655 



20 



ACA CAC ACA CAC ACA GAG CCA ACA GGA GAT GGT AAG AGC ATG AAA GCA 5221 
Thr His Thr His Thr Glu Pro Thr Gly Asp Gly Lys Ser Met Lys Ala 
1660 1665 1670 1675 

TTT ATG GAG TCT CCA AAG CAG ATC TTA GAC TCA GCA GCA AGT CTA ACT 5269 
Phe Met Glu Ser Pro Lys Gin lie Leu Asp Ser Ala Ala Ser Leu Thr 
1680 1685 1690 

2 5 GGC AGC AAG AGG CAG CTG AGA ACT CCT AAG GGA AAG TCT GAA GTC CCT 5317 
Gly Ser Lys Arg Gin Leu Arg Thr Pro Lys Gly Lys Ser Glu Val Pro 
1695 1700 1705 

GAA GAC CTG GCC GGC TTC ATC GAG CTC TTC CAG ACA CCA AGT CAC ACT 5365 
30 Glu Asp Leu Ala Gly Phe lie Glu Leu Phe Gin Thr Pro Ser His Thr 
1710 1715 1720 

AAG GAA TCA ATG ACT AAT GAA AAA ACT ACC AAA GTA TCC TAC AGA GCT 5413 
Lys Glu Ser Met Thr Asn Glu Lys Thr Thr Lys Val Ser Tyr Arg Ala 
35 1725 1730 1735 

TCA CAG CCA GAC CTA GTG GAC ACC CCA ACA AGC TCC AAG CCA CAG CCC 5 461 

Ser Gin Pro Asp Leu Val Asp Thr Pro Thr Ser Ser Lys Pro Gin Pro 

1740 1745 1750 1755 

40 

AAG AGA AGT CTC AGG AAA GCA GAC ACT GAA GAA GAA TTT TTA GCA TTT 5509 

Lys Arg Ser Leu Arg Lys Ala Asp Thr Glu Glu Glu Phe Leu Ala Phe 
1760 1765 1770 

4 5 AGG AAA CAA ACG CCA TCA GCA GGC AAA GCC ATG CAC ACA CCC AAA CCA 5557 
Arg Lys Gin Thr Pro Ser Ala Gly Lys Ala Met His Thr Pro Lys Pro 
1775 1780 1785 

GCA GTA GGT GAA GAG AAA GAC ATC AAC ACG TTT TTG GGA ACT CCA GTG 5605 
50 Ala Val Gly Glu Glu Lys Asp lie Asn Thr Phe Leu Gly Thr Pro Val 
1790 1795 1800 

CAG AAA CTG GAC CAG CCA GGA AAT TTA CCT GGC AGC AAT AGA CGG CTA 5653 
Gin Lys Leu Asp Gin Pro Gly Asn Leu Pro Gly Ser Asn Arg Arg Leu 
55 1805 1810 1815 

CAA ACT CGT AAG GAA AAG GCC CAG GCT CTA GAA GAA CTG ACT GGC TTC 5 701 

Gin Thr Arg Lys Glu Lys Ala Gin Ala Leu Glu Glu Leu Thr Gly Phe 
1820 1825 1830 1835 



60 



65 



AGA GAG CTT TTC CAG ACA CCA TGC ACT GAT AAC CCC ACA GCT GAT GAG 5749 
Arg Glu Leu Phe Gin Thr Pro Cys Thr Asp Asn Pro Thr Ala Asp Glu 
1840 1845 1850 
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AAA ACT ACC AAA AAA ATA CTC TGC AAA TCT CCG CAA TCA GAG CCA GCG 5797 

Lys Thr Thr Lys Lys lie Leu Cys Lys Ser Pro Gin Ser Asp Pro Ala 
1855 1860 1865 

5 GAC ACC CCA ACA AAC ACA AAG CAA CGG CCC AAG AGA AGC CTC AAG AAA 58 45 

Asp Thr Pro Thr Asn Thr Lys Gin Arg Pro Lys Arg Ser Leu Lys Lys 
1870 1875 1880 

GCA GAC GTA GAG GAA GAA TTT TTA GCA TTC AGG AAA CTA ACA CCA TCA 5893 

10 Ala Asp Val Glu Glu Glu Phe Leu Ala Phe Arg Lys Leu Thr Pro Ser 
1885 1890 1895 

GCA GGC AAA GCC ATG CAC ACG CCT AAA GCA GCA GTA GGT GAA GAG AAA 5941 

Ala Gly Lys Ala Met His Thr Pro Lys Ala Ala Val Gly Glu Glu Lys 

15 1900 1905 1910 1915 

GAC ATC AAC ACA TTT GTG GGG ACT CCA GTG GAG AAA CTG GAC CTG CTA 5989 

Asp lie Asn Thr Phe Val Gly Thr Pro Val Glu Lys Leu Asp Leu Leu 
1920 1925 1930 
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GGA AAT TTA CCT GGC AGC AAG AGA CGG CCA CAA ACT CCT AAA GAA AAG 6037 
Gly Asn Leu Pro Gly Ser Lys Arg Arg Pro Gin Thr Pro Lys Glu Lys 
1935 1940 1945 



2 5 GCC AAG GCT CTA GAA GAT CTG GCT GGC TTC AAA GAG CTC TTC CAG ACA 6085 
Ala Lys Ala Leu Glu Asp Leu Ala Gly Phe Lys Glu Leu Phe Gin Thr 
1950 1955 1960 

CCA GGT CAC ACT GAG GAA TCA ATG ACC GAT GAC AAA ATC ACA GAA GTA 6133 
30 Pro Gly His Thr Glu Glu Ser Met Thr Asp Asp Lys He Thr Glu Val 
1965 1970 1975 

TCC TGC AAA TCT CCA CAA CCA GAC CCA GTC AAA ACC CCA ACA AGC TCC 6181 
Ser Cys Lys Ser Pro Gin Pro Asp Pro Val Lys Thr Pro Thr Ser Ser 
35 1980 1985 1990 1995 

AAG CAA CGA CTC AAG ATA TCC TTG GGG AAA GTA GGT GTG AAA GAA GAG 6 229 

Lys Gin Arg Leu Lys He Ser Leu Gly Lys Val Gly Val Lys Glu Glu 
2000 2005 2010 

40 

GTC CTA CCA GTC GGC AAG CTC ACA CAG ACG TCA GGG AAG ACC ACA CAG 6277 

Val Leu Pro Val Gly Lys Leu Thr Gin Thr Ser Gly Lys Thr Thr Gin 
2015 2020 2025 

4 5 ACA CAC AGA GAG ACA GCA GGA GAT GGA AAG AGC ATC AAA GCG TTT AAG 6325 
Thr His Arg Glu Thr Ala Gly Asp Gly Lys Ser He Lys Ala Phe Lys 
2030 2035 2040 

GAA TCT GCA AAG CAG ATG CTG GAC CCA GCA AAC TAT GGA ACT GGG ATG 6 3 73 

50 Glu Ser Ala Lys Gin Met Leu Asp Pro Ala Asn Tyr Gly Thr Gly Met 
2045 2050 2055 

GAG AGG TGG CCA AGA ACA CCT AAG GAA GAG GCC CAA TCA CTA GAA GAC 6421 
Glu Arg Trp Pro Arg Thr Pro Lys Glu Glu Ala Gin Ser Leu Glu Asp 
55 2060 2065 2070 2075 

CTG GCC GGC TTC AAA GAG CTC TTC CAG ACA CCA GAC CAC ACT GAG GAA 6 469 

Leu Ala Gly Phe Lys Glu Leu Phe Gin Thr Pro Asp His Thr Glu Glu 
2080 2085 2090 



TCA ACA ACT GAT GAC AAA ACT ACC AAA ATA GCC TGC AAA TCT CCA CCA 6517 
Ser Thr Thr Asp Asp Lys Thr Thr Lys He Ala Cys Lys Ser Pro Pro 
2095 2100 2105 
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CCA GAA TCA ATG GAC ACT CCA ACA AGC ACA AGG AGG CGG CCC AAA ACA 6565 
Pro Glu Ser Met Asp Thr Pro Thr Ser Thr Arg Arg Arg Pro Lys Thr 
2110 2115 2120 

5 CCT TTG GGG AAA AGG GAT ATA GTG GAA GAG CTC TCA GCC CTG AAG CAG 6613 
Pro Leu Gly Lys Arg Asp lie Val Glu Glu Leu Ser Ala Leu Lys Gin 
2125 2130 2135 

CTC ACA CAG ACC ACA CAC ACA GAC AAA GTA CCA GGA GAT GAG GAT AAA 66 61 

10 Leu Thr Gin Thr Thr His Thr Asp Lys Val Pro Gly Asp Glu Asp Lys 
2140 2145 2150 2155 

GGC ATC AAC GTG TTC AGG GAA ACT GCA AAA CAG AAA CTG GAC CCA GCA 6 7 09 

Gly lie Asn Val Phe Arg Glu Thr Ala Lys Gin Lys Leu Asp Pro Ala 
15 2160 2165 2170 

GCA AGT GTA ACT GGT AGC AAG AGG CAG CCA AGA ACT CCT AAG GGA AAA 6 757 

Ala Ser Val Thr Gly Ser Lys Arg Gin Pro Arg Thr Pro Lys Gly Lys 
2175 2180 2185 
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GCC CAA CCC CTA GAA GAC TTG GCT GGC TTG AAA GAG CTC TTC CAG ACA 6805 
Ala Gin Pro Leu Glu Asp Leu Ala Gly Leu Lys Glu Leu Phe Gin Thr 
2190 2195 2200 



2 5 CCA GTA TGC ACT GAC AAG CCC ACG ACT CAC GAG AAA ACT ACC AAA ATA 6853 
Pro Val Cys Thr Asp Lys Pro Thr Thr His Glu Lys Thr Thr Lys lie 
2205 2210 2215 

GCC TGC AGA TCT CCA CAA CCA GAC CCA GTG GGT ACC CCA ACA ATC TTC 6901 
30 Ala Cys Arg Ser Pro Gin Pro Asp Pro Val Gly Thr Pro Thr lie Phe 
2220 2225 2230 2235 

AAG CCA CAG TCC AAG AGA AGT CTC AGG AAA GCA GAC GTA GAG GAA GAA 6 949 

Lys Pro Gin Ser Lys Arg Ser Leu Arg Lys Ala Asp Val Glu Glu Glu 
35 2240 2245 2250 

TCC TTA GCA CTC AGG AAA CGA ACA CCA TCA GTA GGG AAA GCT ATG GAC 6997 

Ser Leu Ala Leu Arg Lys Arg Thr Pro Ser Val Gly Lys Ala Met Asp 
2255 2260 2265 

40 

ACA CCC AAA CCA GCA GGA GGT GAT GAG AAA GAC ATG AAA GCA TTT ATG 7045 

Thr Pro Lys Pro Ala Gly Gly Asp Glu Lys Asp Met Lys Ala Phe Met 

2270 2275 2280 

45 GGA ACT CCA GTG CAG AAA TTG GAC CTG CCA GGA AAT TTA CCT GGC AGC 7 093 

Gly Thr Pro Val Gin Lys Leu Asp Leu Pro Gly Asn Leu Pro Gly Ser 
2285 2290 2295 

AAA AGA TGG CCA CAA ACT CCT AAG GAA AAG GCC CAG GCT CTA GAA GAC 7141 
50 Lys Arg Trp Pro Gin Thr Pro Lys Glu Lys Ala Gin Ala Leu Glu Asp 
2300 2305 2310 2315 

CTG GCT GGC TTC AAA GAG CTC TTC CAG ACA CCA GGC ACT GAC AAG CCC 7189 
Leu Ala Gly Phe Lys Glu Leu Phe Gin Thr Pro Gly Thr Asp Lys Pro 
55 2320 2325 2330 

ACG ACT GAT GAG AAA ACT ACC AAA ATA GCC TGC AAA TCT CCA CAA CCA 723 7 

Thr Thr Asp Glu Lys Thr Thr Lys lie Ala Cys Lys Ser Pro Gin Pro 
2335 2340 2345 



GAC CCA GTG GAC ACC CCA GCA AGC ACA AAG CAA CGG CCC AAG AGA AAC 7285 
Asp Pro Val Asp Thr Pro Ala Ser Thr Lys Gin Arg Pro Lys Arg Asn 
2350 2355 2360 
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CTC AGG AAA GCA GAC GTA GAG GAA GAA TTT TTA GCA CTC AGG AAA CGA 7333 

Leu Arg Lys Ala Asp Val Glu Glu Glu Phe Leu Ala Leu Arg Lys Arg 
2365 2370 2375 

5 ACA CCA TCA GCA GGC AAA GCC ATG GAC ACC CCA AAA CCA GCA GTA AGT 7 381 

Thr Pro Ser Ala Gly Lys Ala Met Asp Thr Pro Lys Pro Ala Val Ser 
2380 2385 2390 2395 

GAT GAG AAA AAT ATC AAC ACA TTT GTG GAA ACT CCA GTG CAG AAA CTG 7 429 

10 Asp Glu Lys Asn lie Asn Thr Phe Val Glu Thr Pro Val Gin Lys Leu 

2400 2405 2410 

GAC CTG CTA GGA AAT TTA CCT GGC AGC AAG AGA CAG CCA CAG ACT CCT 7 477 

Asp Leu Leu Gly Asn Leu Pro Gly Ser Lys Arg Gin Pro Gin Thr Pro 
15 2415 2420 2425 

AAG GAA AAG GCT GAG GCT CTA GAG GAC CTG GTT GGC TTC AAA GAA CTC 7525 
Lys Glu Lys Ala Glu Ala Leu Glu Asp Leu Val Gly Phe Lys Glu Leu 
2430 2435 2440 
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TTC CAG ACA CCA GGT CAC ACT GAG GAA TCA ATG ACT GAT GAC AAA ATC 75 73 

Phe Gin Thr Pro Gly His Thr Glu Glu Ser Met Thr Asp Asp Lys lie 
2445 2450 2455 



2 5 ACA GAA GTA TCC TGT AAA TCT CCA CAG CCA GAG TCA TTC AAA ACC TCA 7621 

Thr Glu Val Ser Cys Lys Ser Pro Gin Pro Glu Ser Phe Lys Thr Ser 
2460 2465 2470 2475 

AGA AGC TCC AAG CAA AGG CTC AAG ATA CCC CTG GTG AAA GTG GAC ATG 7669 

30 Arg Ser Ser Lys Gin Arg Leu Lys lie Pro Leu Val Lys Val Asp Met 

2480 2485 2490 

AAA GAA GAG CCC CTA GCA GTC AGC AAG CTC ACA CGG ACA TCA GGG GAG 7717 

Lys Glu Glu Pro Leu Ala Val Ser Lys Leu Thr Arg Thr Ser Gly Glu 
35 2495 2500 2505 

ACT ACG CAA ACA CAC ACA GAG CCA ACA GGA GAT AGT AAG AGC ATC AAA 7765 

Thr Thr Gin Thr His Thr Glu Pro Thr Gly Asp Ser Lys Ser lie Lys 

2510 2515 2520 



GCG TTT AAG GAG TCT CCA AAG CAG ATC CTG GAC CCA GCA GCA AGT GTA 7813 
Ala Phe Lys Glu Ser Pro Lys Gin lie Leu Asp Pro Ala Ala Ser Val 
2525 2530 2535 



45 ACT GGT AGC AGG AGG CAG CTG AGA ACT CGT AAG GAA AAG GCC CGT GCT 7861 
Thr Gly Ser Arg Arg Gin Leu Arg Thr Arg Lys Glu Lys Ala Arg Ala 
2540 2545 2550 2555 

CTA GAA GAC CTG GTT GAC TTC AAA GAG CTC TTC TCA GCA CCA GGT CAC 7909 
50 Leu Glu Asp Leu Val Asp Phe Lys Glu Leu Phe Ser Ala Pro Gly His 

2560 2565 2570 

ACT GAA GAG TCA ATG ACT ATT GAC AAA AAC ACA AAA ATT CCC TGC AAA 7957 
Thr Glu Glu Ser Met Thr lie Asp Lys Asn Thr Lys lie Pro Cys Lys 
55 2575 2580 2585 

TCT CCC CCA CCA GAA CTA ACA GAC ACT GCC ACG AGC ACA AAG AGA TGC 8005 
Ser Pro Pro Pro Glu Leu Thr Asp Thr Ala Thr Ser Thr Lys Arg Cys 
2590 2595 2600 



CCC AAG ACA CGT CCC AGG AAA GAA GTA AAA GAG GAG CTC TCA GCA GTT 8053 
Pro Lys Thr Arg Pro Arg Lys Glu Val Lys Glu Glu Leu Ser Ala Val 
2605 2610 2615 
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GAG AGG CTC ACG CAA ACA TCA GGG CAA AGC ACA CAC AC A CAC AAA GAA 8101 
Glu Arg Leu Thr Gin Thr Ser Gly Gin Ser Thr His Thr His Lys Glu 
2620 2625 2630 2635 

5 CCA GCA AGC GGT GAT GAG GGC ATC AAA GTA TTG AAG CAA CGT GCA AAG 8 149 

Pro Ala Ser Gly Asp Glu Gly lie Lys Val Leu Lys Gin Arg Ala Lys 
2640 2645 2650 

AAG AAA CCA AAC CCA GTA GAA GAG GAA CCC AGC AGG AGA AGG CCA AGA 8197 
10 Lys Lys Pro Asn Pro Val Glu Glu Glu Pro Ser Arg Arg Arg Pro Arg 
2655 2660 2665 

GCA CCT AAG GAA AAG GCC CAA CCC CTG GAA GAC CTG GCC GGC TTC ACA 8245 
Ala Pro Lys Glu Lys Ala Gin Pro Leu Glu Asp Leu Ala Gly Phe Thr 
15 2670 2675 2680 

GAG CTC TCT GAA ACA TCA GGT CAC ACT CAG GAA TCA CTG ACT GCT GGC 8293 
Glu Leu Ser Glu Thr Ser Gly His Thr Gin Glu Ser Leu Thr Ala Gly 
2685 2690 2695 
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AAA GCC ACT AAA ATA CCC TGC GAA TCT CCC CCA CTA GAA GTG GTA GAC 83 41 

Lys Ala Thr Lys lie Pro Cys Glu Ser Pro Pro Leu Glu Val Val Asp 
2700 2705 2710 2715 



2 5 ACC ACA GCA AGC ACA AAG AGG CAT CTC AGG ACA CGT GTG CAG AAG GTA 8389 
Thr Thr Ala Ser Thr Lys Arg His Leu Arg Thr Arg Val Gin Lys Val 
2720 2725 2730 

CAA GTA AAA GAA GAG CCT TCA GCA GTC AAG TTC ACA CAA ACA TCA GGG 8 43 7 

30 Gin Val Lys Glu Glu Pro Ser Ala Val Lys Phe Thr Gin Thr Ser Gly 
2735 2740 2745 

GAA ACC ACG GAT GCA GAC AAA GAA CCA GCA GGT GAA GAT AAA GGC ATC 8485 
Glu Thr Thr Asp Ala Asp Lys Glu Pro Ala Gly Glu Asp Lys Gly lie 
35 2750 2755 2760 

AAA GCA TTG AAG GAA TCT GCA AAA CAG ACA CCG GCT CCA GCA GCA AGT 8533 

Lys Ala Leu Lys Glu Ser Ala Lys Gin Thr Pro Ala Pro Ala Ala Ser 

2765 2770 2775 

40 

GTA ACT GGC AGC AGG AGA CGG CCA AGA GCA CCC AGG GAA AGT GCC CAA 8581 

Val Thr Gly Ser Arg Arg Arg Pro Arg Ala Pro Arg Glu Ser Ala Gin 

2780 2785 2790 2795 

45 GCC ATA GAA GAC CTA GCT GGC TTC AAA GAC CCA GCA GCA GGT CAC ACT 8629 
Ala lie Glu Asp Leu Ala Gly Phe Lys Asp Pro Ala Ala Gly His Thr 
2800 2805 2810 

GAA GAA TCA ATG ACT GAT GAC AAA ACC ACT AAA ATA CCC TGC AAA TCA 867 7 

50 Glu Glu Ser Met Thr Asp Asp Lys Thr Thr Lys lie Pro Cys Lys Ser 
2815 2820 2825 

TCA CCA GAA CTA GAA GAC ACC GCA ACA AGC TCA AAG AGA CGG CCC AGG 8725 
Ser Pro Glu Leu Glu Asp Thr Ala Thr Ser Ser Lys Arg Arg Pro Arg 
55 2830 2835 2840 

ACA CGT GCC CAG AAA GTA GAA GTG AAG GAG GAG CTG TTA GCA GTT GGC 8773 
Thr Arg Ala Gin Lys Val Glu Val Lys Glu Glu Leu Leu Ala Val Gly 
2845 2850 2855 



AAG CTC ACA CAA ACC TCA GGG GAG ACC ACG CAC ACC GAC AAA GAG CCG 8821 
Lys Leu Thr Gin Thr Ser Gly Glu Thr Thr His Thr Asp Lys Glu Pro 
2860 2865 2870 2875 
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GTA GGT GAG GGC AAA GGC ACG AAA GCA TTT AAG CAA CCT GCA AAG CGG 8869 

Val Gly Glu Gly Lys Gly Thr Lys Ala Phe Lys Gin Pro Ala Lys Arg 
2880 2885 2890 

5 AAC GTG GAC GCA GAA GAT GTA ATT GGC AGC AGG AGA GAG CCA AGA GCA 8917 
Asn Val Asp Ala Glu Asp Val lie Gly Ser Arg Arg Gin Pro Arg Ala 
2895 2900 2905 

CCT AAG GAA AAG GCC CAA CCC CTG GAA GAC CTG GCC AGC TTC CAA GAG 8965 
10 Pro Lys Glu Lys Ala Gin Pro Leu Glu Asp Leu Ala Ser Phe Gin Glu 
2910 2915 2920 

CTC TCT CAA ACA CCA GGC CAC ACT GAG GAA CTG GCA AAT GGT GCT GCT 9013 
Leu Ser Gin Thr Pro Gly His Thr Glu Glu Leu Ala Asn Gly Ala Ala 
15 2925 2930 2935 

GAT AGC TTT ACA AGC GCT CCA AAG CAA ACA CCT GAC AGT GGA AAA CCT 9061 
Asp Ser Phe Thr Ser Ala Pro Lys Gin Thr Pro Asp Ser Gly Lys Pro 
2940 2945 2950 2955 
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CTA AAA ATA TCC AGA AGA GTT CTT CGG GCC CCT AAA GTA GAA CCC GTG 9109 
Leu Lys lie Ser Arg Arg Val Leu Arg Ala Pro Lys Val Glu Pro Val 
2960 2965 2970 



2 5 GGA GAC GTG GTA AGC ACC AGA GAC CCT GTA AAA TCA CAA AGC AAA AGC 9157 
Gly Asp Val Val Ser Thr Arg Asp Pro Val Lys Ser Gin Ser Lys Ser 
2975 2980 2985 

AAC ACT TCC CTG CCC CCA CTG CCC TTC AAG AGG GGA GGT GGC AAA GAT 9205 
30 Asn Thr Ser Leu Pro Pro Leu Pro Phe Lys Arg Gly Gly Gly Lys Asp 
2990 2995 3000 

GGA AGC GTC ACG GGA ACC AAG AGG CTG CGC TGC ATG CCA GCA CCA GAG 9253 
Gly Ser Val Thr Gly Thr Lys Arg Leu Arg Cys Met Pro Ala Pro Glu 
35 3005 3010 3015 

GAA ATT GTG GAG GAG CTG CCA GCC AGC AAG AAG CAG AGG GTT GCT CCC 9301 
Glu lie Val Glu Glu Leu Pro Ala Ser Lys Lys Gin Arg Val Ala Pro 
3020 3025 3030 3035 

40 

AGG GCA AGA GGC AAA TCA TCC GAA CCC GTG GTC ATC ATG AAG AGA AGT 9 3 49 

Arg Ala Arg Gly Lys Ser Ser Glu Pro Val Val lie Met Lys Arg Ser 
3040 3045 3050 

4 5 TTG AGG ACT TCT GCA AAA AGA ATT GAA CCT GCG GAA GAG CTG AAC AGC 9397 
Leu Arg Thr Ser Ala Lys Arg lie Glu Pro Ala Glu Glu Leu Asn Ser 
3055 3060 3065 

AAC GAC ATG AAA ACC AAC AAA GAG GAA CAC AAA TTA CAA GAC TCG GTC 9445 
50 Asn Asp Met Lys Thr Asn Lys Glu Glu His Lys Leu Gin Asp Ser Val 
3070 3075 3080 

CCT GAA AAT AAG GGA ATA TCC CTG CGC TCC AGA CGC CAA GAT AAG ACT 9493 
Pro Glu Asn Lys Gly lie Ser Leu Arg Ser Arg Arg Gin Asp Lys Thr 
55 3085 3090 3095 

GAG GCA GAA CAG CAA ATA ACT GAG GTC TTT GTA TTA GCA GAA AGA ATA 95 41 

Glu Ala Glu Gin Gin lie Thr Glu Val Phe Val Leu Ala Glu Arg lie 
3100 3105 3110 3115 



GAA ATA AAC AGA AAT GAA AAG AAG CCC ATG AAG ACC TCC CCA GAG ATG 9589 
Glu lie Asn Arg Asn Glu Lys Lys Pro Met Lys Thr Ser Pro Glu Met 
3120 3125 3130 
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GAC ATT CAG AAT CCA GAT GAT GGA GCC CGG AAA CCC ATA CCT AGA GAC 963 7 

Asp lie Gin Asn Pro Asp Asp Gly Ala Arg Lys Pro lie Pro Arg Asp 

■ 3135 3140 3145 

5 AAA GTC ACT GAG AAC AAA AGG TGC TTG AGG TCT GCT AGA CAG AAT GAG 96 85 

Lys Val Thr Glu Asn Lys Arg Cys Leu Arg Ser Ala Arg Gin Asn Glu 
3150 3155 3160 

AGC TCC CAG CCT AAG GTG GCA GAG GAG AGC GGA GGG CAG AAG AGT GCG 9 7 33 

10 Ser Ser Gin Pro Lys Val Ala Glu Glu Ser Gly Gly Gin Lys Ser Ala 
3165 3170 3175 

AAG GTT CTC ATG CAG AAT CAG AAA GGG AAA GGA GAA GCA GGA AAT TCA 9 781 

Lys Val Leu Met Gin Asn Gin Lys Gly Lys Gly Glu Ala Gly Asn Ser 
15 3180 3185 3190 3195 

GAC TCC ATG TGC CTG AGA TCA AGA AAG ACA AAA AGC CAG CCT GCA GCA 9829 

Asp Ser Met Cys Leu Arg Ser Arg Lys Thr Lys Ser Gin Pro Ala Ala 

3200 3205 3210 

20 

AGC ACT TTG GAG AGC AAA TCT GTG CAG AGA GTA ACG CGG AGT GTC AAG 9877 

Ser Thr Leu Glu Ser Lys Ser Val Gin Arg Val Thr Arg Ser Val Lys 

3215 3220 3225 

2 5 AGG TGT GCA GAA AAT CCA AAG AAG GCT GAG GAC AAT GTG TGT GTC AAG 9925 

Arg Cys Ala Glu Asn Pro Lys Lys Ala Glu Asp Asn Val Cys Val Lys 
3230 3235 3240 

AAA ATA ACA ACC AGA AGT CAT AGG GAC AGT GAA GAT ATT T GAC AG AAAA 9974 
30 Lys lie Thr Thr Arg Ser His Arg Asp Ser Glu Asp lie 
3245 3250 3255 

ATCGAACTGG GAAAAATATA ATAAAGTTAG TTTTGTGATA AGTTCTAGTG CAGTTTTTGT 10034 

3 5 CATAAATTAC AAGTGAATTC TGTAAGTAAG GCTGTCAGTC TGCTTAAGGG AAGAAAACTT 10094 

TGGATTTGCT GGGTCTGAAT CGGCTTCATA AACTCCACTG GGAGCACTGC TGGGCTCCTG 10154 

GAC T GAG AAT AGTTGAACAC CGGGGGCTTT GTGAAGGAGT CTGGGCCAAG GTTTGCCCTC 10214 

40 

AGCTTTGCAG AATGAAGCCT TGAGGTCTGT CACCACCCAC AGCCACCCTA CAGCAGCCTT 10274 

AACTGTGACA CTTGCCACAC TGTGTCGTCG TTTGTTTGCC TATGTTCTCC AGGGCACGGT 10334 

4 5 GGCAGGAACA ACTATCCTCG TCTGTCCCAA CACTGAGCAG GCACTCGGTA A AC AC GAA TG 10394 

AATGGATAAG CGCACGGATG AATGGAGCTT ACAAGATCTG TCTTTCCAAT GGCCGGGGGC 10 454 

ATTTGGTCCC CAAATTAAGG CTATTGGACA TCTGCACAGG ACAGTCCTAT TTTTGATGTC 10514 

50 

CTTTCCTTTC TGAAAATAAA GTTTTGTGCT TTGGAGAATG ACTCGTGAGC ACATCTTTAG 10574 

GG ACC AAG AG TGACTTTCTG TAAGGAGTGA CTCGTGGCTT GCCTTGGTCT CTTGGGAATA 10634 

55 CTTTTCTAAC TAGGGTTGCT CTCACCTGAG ACATTCTCCA CCCGCGGAAT CTCAGGGTCC 10694 

CAGGCTGTGG GCCATCACGA CCTCAAACTG GCTCCTAATC TCCAGCTTTC CTGTCATTGA 10754 

AAGCTTCGGA AGTTTACTGG CTCTGCTCCC GCCTGTTTTC TTTCTGACTC TATCTGGCAG 10814 

60 

CCCGATGCCA CCCAGTACAG GAAGTGACAC CAGTACTCTG TAAAGCATCA TCATCCTTGG 10874 

AGAGACTGAG CACTCAGCAC CTTCAGCCAC GATTTCAGGA TCGCTTCCTT GTGAGCCGCT 1093 4 
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GCCTCCGAAA TCTCCTTTGA AGCCCAGACA TCTTTCTCCA GCTTCAGACT TGTAGATATA 10994 

ACTCGTTCAT CTTCATTTAC TTTCCACTTT GCCCCCTGTC CTCTCTGTGT TCCCCAAATC 11054 

AGAGAA T AG C CCGCCATCCC CCAGATCAGC TGTCTGGATT CCTCCCCATT CACCCACCTT 11114 

GCCAGGTGCA GGTGAGGATG GTGCACCAGA CAGGGTAGCT GTCCCCCAAA ATGTGCCCTG 11174 

TGCGGGCAGT GCCCTGTCTC CACGTTTGTT TCCCCAGTGT CTGGCGGGGA GCCAGGTGAC 1123 4 

ATCATAAATA CTTGCTGAAT GAATGCAGAA ATCAGCGGTA CTGACTTGTA CTATATTGGC 11294 

TGCCATGATA GGGTTCTCAC AGCGTCATCC ATGATCGTAA GGGAGAATGA CATTCTGCTT 11354 

15 GAGGGAGGGA ATAGAAAGGG GCAGGGAGGG GACATCTGAG GGCTTCACAG GGCTGCAAAG 11414 

GGTACAGGGA TTGCACCAGG GCAGAACAGG GGAGGGTGTT CAAGGAAGAG TGGCTCTTAG 1147 4 

CAGAGGCACT TTGGAAGGTG TGAGGCATAA ATGCTTCCTT CTACGTAGGC CAACCTCAAA 1153 4 

20 

ACTTTCAGTA GGAATGTTGC TATGATCAAG TTGTTCTAAC ACTTTAGACT TAGTAGTAAT 1159 4 

TATGAACCTC ACATAGAAAA ATTTCATCCA GCCATATGCC TGTGGAGTGG AATATTCTGT 1165 4 

2 5 T TAG TAG AAA AATCCTTTAG AGTTCAGCTC TAACCAGAAA TCTTGCTGAA GTATGTCAGC 11714 

ACCTTTTCTC ACCCTGGTAA GTACAGTATT TCAAGAGCAC GCTAAGGGTG GTTTTCATTT 11774 

TACAGGGCTG TTGATGATGG GTTAAAAATG TTCATTTAAG GGCTACCCCC GTGTTTAATA 1183 4 

30 

GATGAACACC ACTTCTACAC AACCCTCCTT GGTACTGGGG GAGGGAGAGA TCTGACAAAT 11894 

ACTGCCCATT CCCCTAGGCT GACTGGATTT GAGAACAAAT ACCCACCCAT TTCCACCATG 1195 4 

35 GTATGGTAAC TTCTCTGAGC TTCAGTTTCC AAGTGAATTT CCATGTAATA GGACATTCCC 12014 

ATTAAATACA AGCTGTTTTT ACTTTTTCGC CTCCCAGGGC CTGTGCGATC TGGTCCCCCA 12074 

GCCTCTCTTG GGCTTTCTTA CACTAACTCT GTACCTACCA TCTCCTGCCT CCCTTAGGCA 12134 

40 

GGCACCTCCA ACCACCACAC ACTCCCTGCT GTTTTCCCTG CCTGGAACTT TCCCACCAGC 12194 

CCCACCAAGA TCATTTCATC CAGTCCTGAG CTCAGCTTAA GGGAGGCTTC TTGCCTGTGG 12254 

4 5 GTTCCCTCAC CCCCATGCCT GTCCTCCAGG CTGGGGCAGG TTCTTAGTTT GCCTGGAATT 12314 

GTTCTGTACC TCTTTGTAGC ACGTAGTGTT GTGAAACTAA GCCACTAATT GAGTTTCTGG 123 74 

CTCCCCTCCT GGGGTTGTAA GTTTTGTTCA TTCATGAGGG CCGACTGTAT TTCCTGGTTA 12434 

CTGTATCCCA GTGACCAGCC ACAGGAGATG TCCAATAAAG TATGTGATGA AATGGTCTT 124 93 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3256 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Protein 

(xi) SEQUENCE DISCRIPTION: SEQ ID NO: 2: 



Met Trp Pro Thr Arg Arg Leu Val Thr lie Lys Arg Ser Gly Val Asp 
65 1 5 10 15 
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Gly Pro His Phe Pro Leu Ser Leu Ser Thr Cys Leu Phe Gly Arg Gly 
20 25 30 

lie Glu Cys Asp lie Arg lie Gin Leu Pro Val Val Ser Lys Gin His 
5 35 40 45 

Cys Lys Val Glu lie His Glu Gin Glu Ala lie Leu His Asn Phe Ser 
50 55 60 

10 Ser Thr Asn Pro Thr Gin Val Asn Gly Ser Val lie Asp Glu Pro Val 
65 70 75 80 

Arg Leu Lys His Gly Asp Val He Thr He He Asp Arg Ser Phe Arg 
85 90 95 

15 

Tyr Glu Asn Glu Ser Leu Gin Asn Gly Arg Lys Ser Thr Glu Phe Pro 
100 105 110 

Arg Lys He Arg Glu Gin Glu Pro Ala Arg Arg Val Ser Arg Ser Ser 
20 115 120 125 

Phe Ser Ser Asp Pro Asp Glu Lys Ala Gin Asp Ser Lys Ala Tyr Ser 
130 135 140 

25 Lys He Thr Glu Gly Lys Val Ser Gly Asn Pro Gin Val His He Lys 
145 150 155 160 

Asn Val Lys Glu Asp Ser Thr Ala Asp Asp Ser Lys Asp Ser Val Ala 
165 170 175 

30 

Gin Gly Thr Thr Asn Val His Ser Ser Glu His Ala Gly Arg Asn Gly 
180 185 190 

Arg Asn Ala Ala Asp Pro He Ser Gly Asp Phe Lys Glu He Ser Ser 
35 195 200 205 

Val Lys Leu Val Ser Arg Tyr Gly Glu Leu Lys Ser Val Pro Thr Thr 
210 215 220 

40 Gin Cys Leu Asp Asn Ser Lys Lys Asn Glu Ser Pro Phe Trp Lys Leu 
225 230 235 240 

Tyr Glu Ser Val Lys Lys Glu Leu Asp Val Lys Ser Gin Lys Glu Asn 
245 250 255 

45 

Val Leu Gin Tyr Cys Arg Lys Ser Gly Leu Gin Thr Asp Tyr Ala Thr 
260 265 270 

Glu Lys Glu Ser Ala Asp Gly Leu Gin Gly Glu Thr Gin Leu Leu Val 
50 275 280 285 

Ser Arg Lys Ser Arg Pro Lys Ser Gly Gly Ser Gly His Ala Val Ala 
290 295 300 

55 Glu Pro Ala Ser Pro Glu Gin Glu Leu Asp Gin Asn Lys Gly Lys Gly 
305 310 315 320 

Arg Asp Val Glu Ser Val Gin' Thr Pro Ser Lys Ala Val Gly Ala Ser 
325 330 335 

60 

Phe Pro Leu Tyr Glu Pro Ala Lys Met Lys Thr Pro Val Gin Tyr Ser 
340 345 350 
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Gin Gin Gin Asn Ser Pro Gin Lys His Lys Asn Lys Asp Leu Tyr Thr 
355 360 365 

Thr Gly Arg Arg Glu Ser Val Asn Leu Gly Lys Ser Glu Gly Phe Lys 
5 370 375 380 

Ala Gly Asp Lys Thr Leu Thr Pro Arg Lys Leu Ser Thr Arg Asn Arg 
385 390 395 400 

10 Thr Pro Ala Lys Val Glu Asp Ala Ala Asp Ser Ala Thr Lys Pro Glu 

405 410 415 
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Asn Leu Ser Ser Lys Thr Arg Gly Ser lie Pro Thr Asp Val Glu Val 

420 425 430 

Leu Pro Thr Glu Thr Glu lie His Asn Glu Pro Phe Leu Thr Leu Trp 

435 440 445 



Leu Thr Gin Val Glu Arg Lys lie Gin Lys Asp Ser Leu Ser Lys Pro 
20 450 455 460 

Glu Lys Leu Gly Thr Thr Ala Gly Gin Met Cys Ser Gly Leu Pro Gly 

465 470 475 480 

25 Leu Ser Ser Val Asp lie Asn Asn Phe Gly Asp Ser lie Asn Glu Ser 

485 490 495 



Glu Gly lie Pro Leu Lys Arg Arg Arg Val Ser Phe Gly Gly His Leu 

500 505 510 

Arg Pro Glu Leu Phe Asp Glu Asn Leu Pro Pro Asn Thr Pro Leu Lys 

515 520 525 



Arg Gly Glu Ala Pro Thr Lys Arg Lys Ser Leu Val Met His Thr Pro 
35 530 535 540 

Pro Val Leu Lys Lys lie lie Lys Glu Gin Pro Gin Pro Ser Gly Lys 
545 550 555 560 

40 Gin Glu Ser Gly Ser Glu He His Val Glu Val Lys Ala Gin Ser Leu 

565 570 575 



Val lie Ser Pro Pro Ala Pro Ser Pro Arg Lys Thr Pro Val Ala Ser 

580 585 590 

Asp Gin Arg Arg Arg Ser Cys Lys Thr Ala Pro Ala Ser Ser Ser Lys 
595 600 605 



Ser Gin Thr Glu Val Pro Lys Arg Gly Gly Glu Arg Val Ala Thr Cys 

50 610 615 620 

Leu Gin Lys Arg Val Ser He Ser Arg Ser Gin His Asp He Leu Gin 

625 630 635 640 

55 Met He Cys Ser Lys Arg Arg Ser Gly Ala Ser Glu Ala Asn Leu He 

645 650 655 



Val Ala Lys Ser Trp Ala Asp Val Val Lys Leu Gly Ala Lys Gin Thr 

660 665 670 

Gin Thr Lys Val He Lys His Gly Pro Gin Arg Ser Met Asn Lys Arg 

675 680 685 



Gin Arg Arg Pro Ala Thr Pro Lys Lys Pro Val Gly Glu Val His Ser 
65 690 695 700 
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Gin Phe Ser Thr Gly His Ala Asn Ser Pro Cys Thr lie lie lie Gly 
705 710 715 720 

Lys Ala His Thr Glu Lys Val His Val Pro Ala Arg Pro Tyr Arg Val 
5 725 730 735 

Leu Asn Asn Phe lie Ser Asn Gin Lys Met Asp Phe Lys Glu Asp Leu 
740 745 750 

10 Ser Gly He Ala Glu Met Phe Lys Thr Pro Val Lys Glu Gin Pro Gin 
755 760 765 



15 



30 



45 



60 



Leu Thr Ser Thr Cys His He Ala He Ser Asn Ser Glu Asn Leu Leu 
770 775 780 

Gly Lys Gin Phe Gin Gly Thr Asp Ser Gly Glu Glu Pro Leu Leu Pro 
785 790 795 800 



Thr Ser Glu Ser Phe Gly Gly Asn Val Phe Phe Ser Ala Gin Asn Ala 
20 805 810 815 

Ala Lys Gin Pro Ser Asp Lys Cys Ser Ala Ser Pro Pro Leu Arg Arg 
820 825 830 

25 Gin Cys He Arg Glu Asn Gly Asn Val Ala Lys Thr Pro Arg Asn Thr 
835 840 845 



Tyr Lys Met Thr Ser Leu Glu Thr Lys Thr Ser Asp Thr Glu Thr Glu 

850 855 860 

Pro Ser Lys Thr Val Ser Thr Val Asn Arg Ser Gly Arg Ser Thr Glu 

865 870 875 880 



Phe Arg Asn He Gin Lys Leu Pro Val Glu Ser Lys Ser Glu Glu Thr 
35 885 890 895 

Asn Thr Glu He Val Glu Cys He Leu Lys Arg Gly Gin Lys Ala Thr 
900 905 910 

40 Leu Leu Gin Gin Arg Arg Glu Gly Glu Met Lys Glu He Glu Arg Pro 
915 920 925 



Phe Glu Thr Tyr Lys Glu Asn lie Glu Leu Lys Glu Asn Asp Glu Lys 
930 935 940 

Met Lys Ala Met Lys Arg Ser Arg Thr Trp Gly Gin Lys Cys Ala Pro 
945 950 955 960 



Met Ser Asp Leu Thr Asp Leu Lys Ser Leu Pro Asp Thr Glu Leu Met 
50 965 970 975 

Lys Asp Thr Ala Arg Gly Gin Asn Leu Leu Gin Thr Gin Asp His Ala 
980 985 990 

55 Lys Ala Pro Lys Ser Glu Lys Gly Lys He Thr Lys Met Pro Cys Gin 
995 1000 1005 



Ser Leu Gin Pro Glu Pro He Asn Thr Pro Thr His Thr Lys Gin Gin 
1010 1015 1020 

Leu Lys Ala Ser Leu Gly Lys Val Gly Val Lys Glu Glu Leu Leu Ala 
1025 1030 1035 1040 
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Val Gly Lys Phe Thr Arg Thr Ser Gly Glu Thr Thr His Thr His Arg 
1045 1050 1055 

Glu Pro Ala Gly Asp Gly Lys Ser lie Arg Thr Phe Lys Glu Ser Pro 
5 1060 1065 1070 

Lys Gin lie Leu Asp Pro Ala Ala Arg Val Thr Gly Met Lys Lys Trp 
1075 1080 1085 

10 Pro Arg Thr Pro Lys Glu Glu Ala Gin Ser Leu Glu Asp Leu Ala Gly 
1090 1095 1100 

Phe Lys Glu Leu Phe Gin Thr Pro Gly Pro Ser Glu Glu Ser Met Thr 
1105 1110 1115 1120 

15 

Asp Glu Lys Thr Thr Lys lie Ala Cys Lys Ser Pro Pro Pro Glu Ser 
1125 1130 1135 

Val Asp Thr Pro Thr Ser Thr Lys Gin Trp Pro Lys Arg Ser Leu Arg 
20 1140 1145 1150 

Lys Ala Asp Val Glu Glu Glu Phe Leu Ala Leu Arg Lys Leu Thr Pro 
1155 1160 1165 

25 Ser Ala Gly Lys Ala Met Leu Thr Pro Lys Pro Ala Gly Gly Asp Glu 
1170 1175 1180 

Lys Asp lie Lys Ala Phe Met Gly Thr Pro Val Gin Lys Leu Asp Leu 
1185 1190 1195 1200 

30 

Ala Gly Thr Leu Pro Gly Ser Lys Arg Gin Leu Gin Thr Pro Lys Glu 
1205 1210 1215 

Lys Ala Gin Ala Leu Glu Asp Leu Ala Gly Phe Lys Glu Leu Phe Gin 
35 1220 1225 1230 

Thr Pro Gly His Thr Glu Glu Leu Val Ala Ala Gly Lys Thr Thr Lys 
1235 1240 1245 

40 lie Pro Cys Asp Ser Pro Gin Ser Asp Pro Val Asp Thr Pro Thr Ser 
1250 1255 1260 

Thr Lys Gin Arg Pro Lys Arg Ser lie Arg Lys Ala Asp Val Glu Gly 
1265 1270 1275 1280 

45 

Glu Leu Leu Ala Cys Arg Asn Leu Met Pro Ser Ala Gly Lys Ala Met 
1285 1290 1295 

His Thr Pro Lys Pro Ser Val Gly Glu Glu Lys Asp lie lie lie Phe 
50 1300 1305 1310 

Val Gly Thr Pro Val Gin Lys Leu Asp Leu Thr Glu Asn Leu Thr Gly 
1315 1320 1325 

55 Ser Lys Arg Arg Pro Gin Thr Pro Lys Glu Glu Ala Gin Ala Leu Glu 
1330 1335 1340 

Asp Leu Thr Gly Phe Lys Glu Leu Phe Gin Thr Pro Gly His Thr Glu 
1345 1350 1355 1360 

60 

Glu Ala Val Ala Ala Gly Lys Thr Thr Lys Met Pro Cys Glu Ser Ser 
1365 1370 1375 

Pro Pro Glu Ser Ala Asp Thr Pro Thr Ser Thr Arg Arg Gin Pro Lys 
65 1380 1385 1390 



- 30 - 

Thr Pro Leu Glu Lys Arg Asp Val Gin Lys Glu Leu Ser Ala Leu Lys 
1395 1400 1405 

Lys Leu Thr Gin Thr Ser Gly Glu Thr Thr His Thr Asp Lys Val Pro 
5 1410 1415 1420 

Gly Gly Glu Asp Lys Ser lie Asn Ala Phe Arg Glu Thr Ala Lys Gin 
1425 1430 1435 1440 

10" Lys Leu Asp Pro Ala Ala Ser Val Thr Gly Ser Lys Arg His Pro Lys 

1445 1450 1455 

Thr Lys Glu Lys Ala Gin Pro Leu Glu Asp Leu Ala Gly Trp Lys Glu 
1460 1465 1470 

15 

Leu Phe Gin Thr Pro Val Cys Thr Asp Lys Pro Thr Thr His Glu Lys 
1475 1480 1485 

Thr Thr Lys lie Ala Cys Arg Ser Gin Pro Asp Pro Val Asp Thr Pro 
20 1490 1495 1500 

Thr Ser Ser Lys Pro Gin Ser Lys Arg Ser Leu Arg Lys Val Asp Val 
1505 1510 1515 1520 

25 Glu Glu Glu Phe Phe Ala Leu Arg Lys Arg Thr Pro Ser Ala Gly Lys 

1525 1530 1535 

Ala Met His Thr Pro Lys Pro Ala Val Ser Gly Glu Lys Asn lie Tyr 
1540 1545 1550 

30 

Ala Phe Met Gly Thr Pro Val Gin Lys Leu Asp Leu Thr Glu Asn Leu 
1555 1560 1565 

Thr Gly Ser Lys Arg Arg Leu Gin Thr Pro Lys Glu Lys Ala Gin Ala 
35 1570 1575 1580 

Leu Glu Asp Leu Ala Gly Phe Lys Glu Leu Phe Gin Thr Arg Gly His 
1585 1590 1595 1600 

40 Thr Glu Glu Ser Met Thr Asn Asp Lys Thr Ala Lys Val Ala Cys Lys 

1605 1610 1615 

Ser Ser Gin Pro Asp Leu Asp Lys Asn Pro Ala Ser Ser Lys Arg Arg 
1620 1625 1630 

45 

Leu Lys Thr Ser Leu Gly Lys Val Gly Val Lys Glu Glu Leu Leu Ala 
1635 1640 1645 

Val Gly Lys Leu Thr Gin Thr Ser Gly Glu Thr Thr His Thr His Thr 
50 1650 1655 1660 

Glu Pro Thr Gly Asp Gly Lys Ser Met Lys Ala Phe Met Glu Ser Pro 
1665 1670 1675 1680 

55 Lys Gin lie Leu Asp Ser Ala Ala Ser Leu Thr Gly Ser Lys Arg Gin 

1685 1690 1695 

Leu Arg Thr Pro Lys Gly Lys Ser Glu Val Pro Glu Asp Leu Ala Gly 
1700 1705 1710 

60 

Phe lie Glu Leu Phe Gin Thr Pro Ser His Thr Lys Glu Ser Met Thr 
1715 1720 1725 
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Asn Glu Lys Thr Thr Lys Val Ser Tyr Arg Ala Ser Gin Pro Asp Leu 
1730 1735 1740 

Val Asp Thr Pro Thr Ser Ser Lys Pro Gin Pro Lys Arg Ser Leu Arg 
5 1745 1750 1755 1760 

Lys Ala Asp Thr Glu Glu Glu Phe Leu Ala Phe Arg Lys Gin Thr Pro 
1765 . 1770 1775 

10 Ser Ala Gly Lys Ala Met His Thr Pro Lys Pro Ala Val Gly Glu Glu 
1780 1785 1790 

Lys Asp lie Asn Thr Phe Leu Gly Thr Pro Val Gin Lys Leu Asp Gin 
1795 1800 1805 

15 

Pro Gly Asn Leu Pro Gly Ser Asn Arg Arg Leu Gin Thr Arg Lys Glu 
1810 1815 1820 

Lys Ala Gin Ala Leu Glu Glu Leu Thr Gly Phe Arg Glu Leu Phe Gin 
20 1825 1830 1835 1840 

Thr Pro Cys Thr Asp Asn Pro Thr Ala Asp Glu Lys Thr Thr Lys Lys 
1845 1850 1855 

25 lie Leu Cys Lys Ser Pro Gin Ser Asp Pro Ala Asp Thr Pro Thr Asn 
1860 1865 1870 

Thr Lys Gin Arg Pro Lys Arg Ser Leu Lys Lys Ala Asp Val Glu Glu 
1875 1880 1885 

30 

Glu Phe Leu Ala Phe Arg Lys Leu Thr Pro Ser Ala Gly Lys Ala Met 
1890 1895 1900 

His Thr Pro Lys Ala Ala Val Gly Glu Glu Lys Asp lie Asn Thr Phe 
35 1905 1910 1915 1920 

Val Gly Thr Pro Val Glu Lys Leu Asp Leu Leu Gly Asn Leu Pro Gly 
1925 1930 1935 

40 Ser Lys Arg Arg Pro Gin Thr Pro Lys Glu Lys Ala Lys Ala Leu Glu 
1940 1945 1950 

Asp Leu Ala Gly Phe Lys Glu Leu Phe Gin Thr Pro Gly His Thr Glu 
1955 1960 1965 

45 

Glu Ser Met Thr Asp Asp Lys lie Thr Glu Val Ser Cys Lys Ser Pro 
1970 1975 1980 

Gin Pro Asp Pro Val Lys Thr Pro Thr Ser Ser Lys Gin Arg Leu Lys 
50 1985 1990 1995 1 2000 

lie Ser Leu Gly Lys Val Gly Val Lys Glu Glu Val Leu Pro Val Gly 
2005 2010 2015 

55 Lys Leu Thr Gin Thr Ser Gly Lys Thr Thr Gin Thr His Arg Glu Thr 
2020 2025 2030 

Ala Gly Asp Gly Lys Ser lie Lys Ala Phe Lys Glu Ser Ala Lys Gin 
2035 2040 2045 

60 

Met Leu Asp Pro Ala Asn Tyr Gly Thr Gly Met Glu Arg Trp Pro Arg 
2050 2055 2060 

Thr Pro Lys Glu Glu Ala Gin Ser Leu Glu Asp Leu Ala Gly Phe Lys 
65 2065 2070 2075 2080 
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Glu Leu Phe Gin Thr Pro Asp His Thr Glu Glu Ser Thr Thr Asp Asp 
2085 2090 2095 

Lys Thr Thr Lys lie Ala Cys Lys Ser Pro Pro Pro Glu Ser Met Asp 
5 2100 2105 2110 

Thr Pro Thr Ser Thr Arg Arg Arg Pro Lys Thr Pro Leu Gly Lys Arg 
2115 2120 ' 2125 

10 Asp lie Val Glu Glu Leu Ser Ala Leu Lys Gin Leu Thr Gin Thr Thr 
2130 2135 2140 

His Thr Asp Lys Val Pro Gly Asp Glu Asp Lys Gly lie Asn Val Phe 
2145 2150 2155 2160 

15 

Arg Glu Thr Ala Lys Gin Lys Leu Asp Pro Ala Ala Ser Val Thr Gly 
2165 2170 2175 

Ser Lys Arg Gin Pro Arg Thr Pro Lys Gly Lys Ala Gin Pro Leu Glu 
20 2180 2185 2190 

Asp Leu Ala Gly Leu Lys Glu Leu Phe Gin Thr Pro Val Cys Thr Asp 
2195 2200 2205 

25 Lys Pro Thr Thr His Glu Lys Thr Thr Lys lie Ala Cys Arg Ser Pro 
2210 2215 2220 

Gin Pro Asp Pro Val Gly Thr Pro Thr lie Phe Lys Pro Gin Ser Lys 
2225 2230 2235 2240 

30 

Arg Ser Leu Arg Lys Ala Asp Val Glu Glu Glu Ser Leu Ala Leu Arg 
2245 2250 2255 

Lys Arg Thr Pro Ser Val Gly Lys Ala Met Asp Thr Pro Lys Pro Ala 
35 2260 2265 2270 

Gly Gly Asp Glu Lys Asp Met Lys Ala Phe Met Gly Thr Pro Val Gin 
2275 2280 2285 

40 Lys Leu Asp Leu Pro Gly Asn Leu Pro Gly Ser Lys Arg Trp Pro Gin 
2290 2295 2300 

Thr Pro Lys Glu Lys Ala Gin Ala Leu Glu Asp Leu Ala Gly Phe Lys 
2305 2310 2315 2320 

45 

Glu Leu Phe Gin Thr Pro Gly Thr Asp Lys Pro Thr Thr Asp Glu Lys 
2325 2330 2335 

Thr Thr Lys lie Ala Cys Lys Ser Pro Gin Pro Asp Pro Val Asp Thr 
50 2340 2345 2350 

Pro Ala Ser Thr Lys Gin Arg Pro Lys Arg Asn Leu Arg Lys Ala Asp 
2355 2360 2365 

55 Val Glu Glu Glu Phe Leu Ala Leu Arg Lys Arg Thr Pro Ser Ala Gly 
2370 2375 2380 

Lys Ala Met Asp Thr Pro Lys Pro Ala Val Ser Asp Glu Lys Asn lie 
2385 2390 2395 2400 

60 

Asn Thr Phe Val Glu Thr Pro Val Gin Lys Leu Asp Leu Leu Gly Asn 
2405 2410 2415 



ris Ci* S * |j ti -ii i!V'i-*i 'Ji^ 1 ™ if *n n"n f ^"-f i'-i, *i 



- 33 - 

Leu Pro Gly Ser Lys Arg Gin Pro Gin Thr Pro Lys Glu Lys Ala Glu 
2420 2425 2430 

Ala Leu Glu Asp Leu Val Gly Phe Lys Glu Leu Phe Gin Thr Pro Gly 
5 2435 2440 2445 

His Thr Glu Glu Ser Met Thr Asp Asp Lys lie Thr Glu Val Ser Cys 
2450 2455 2460 

10 Lys Ser Pro Gin Pro Glu Ser Phe Lys Thr Ser Arg Ser Ser Lys Gin 
2465 2470 2475 2480 

Arg Leu Lys lie Pro Leu Val Lys Val Asp Met Lys Glu Glu Pro Leu 
2485 2490 2495 

15 

Ala Val Ser Lys Leu Thr Arg Thr Ser Gly Glu Thr Thr Gin Thr His 
2500 2505 2510 

Thr Glu Pro Thr Gly Asp Ser Lys Ser lie Lys Ala Phe Lys Glu Ser 
20 2515 2520 2525 

Pro Lys Gin lie Leu Asp Pro Ala Ala Ser Val Thr Gly Ser Arg Arg 
2530 2535 2540 

25 Gin Leu Arg Thr Arg Lys Glu Lys Ala Arg Ala Leu Glu Asp Leu Val 
2545 2550 2555 2560 

Asp Phe Lys Glu Leu Phe Ser Ala Pro Gly His Thr Glu Glu Ser Met 
2565 2570 2575 

30 

Thr lie Asp Lys Asn Thr Lys lie Pro Cys Lys Ser Pro Pro Pro Glu 
2580 2585 2590 

Leu Thr Asp Thr Ala Thr Ser Thr Lys Arg Cys Pro Lys Thr Arg Pro 
35 2595 2600 2605 

Arg Lys Glu Val Lys Glu Glu Leu Ser Ala Val Glu Arg Leu Thr Gin 
2610 2615 2620 

40 Thr Ser Gly Gin Ser Thr His Thr His Lys Glu Pro Ala Ser Gly Asp 
2625 2630 2635 2640 

Glu Gly lie Lys Val Leu Lys Gin Arg Ala Lys Lys Lys Pro Asn Pro 
2645 2650 2655 

45 

Val Glu Glu Glu Pro Ser Arg Arg Arg Pro Arg Ala Pro Lys Glu Lys 
2660 2665 2670 

Ala Gin Pro Leu Glu Asp Leu Ala Gly Phe Thr Glu Leu Ser Glu Thr 
50 2675 2680 2685 

Ser Gly His Thr Gin Glu Ser Leu Thr Ala Gly Lys Ala Thr Lys He 
2690 2695 2700 

55 Pro Cys Glu Ser Pro Pro Leu Glu Val Val Asp Thr Thr Ala Ser Thr 
2705 2710 2715 2720 

Lys Arg His Leu Arg Thr Arg Val Gin Lys Val Gin Val Lys Glu Glu 
2725 2730 2735 

60 

Pro Ser Ala Val Lys Phe Thr Gin Thr Ser Gly Glu Thr Thr Asp Ala 
2740 2745 2750 

Asp Lys Glu Pro Ala Gly Glu Asp Lys Gly He Lys Ala Leu Lys Glu 
65 2755 2760 2765 
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Ser Ala Lys Gin Thr Pro Ala Pro Ala Ala Ser Val Thr Gly Ser Are 
2770 2775 2780 

Arg Arg Pro^ Arg Ala Pro Arg Glu Ser Ala Gin Ala He Glu Asp Leu 
5 2785 2790 2795 2800 

Ala Gly Phe Lys Asp Pro Ala Ala Gly His Thr Glu Glu Ser Met Thr 
2805 2810 2815 

10 Asp Asp Lys Thr Thr Lys He Pro Cys Lys Ser Ser Pro Glu Leu Glu 
2820 2825 2830 

Asp Thr Ala Thr Ser Ser Lys Arg Arg Pro Arg Thr Arg Ala Gin Lys 
2835 2840 2845 

15 

Val Glu Val Lys Glu Glu Leu Leu Ala Val Gly Lys Leu Thr Gin Thr 
2850 2855 2860 

Ser Gly Glu Thr Thr His Thr Asp Lys Glu Pro Val Gly Glu Gly Lys 
20 2865 2870 2875 2880 

Gly Thr Lys Ala Phe Lys Gin Pro Ala Lys Arg Asn Val Asp Ala Glu 
2885 2890 2895 

25 Asp Val He Gly Ser Arg Arg Gin Pro Arg Ala Pro Lys Glu Lys Ala 
2900 2905 2910 

Gin Pro Leu Glu Asp Leu Ala Ser Phe Gin Glu Leu Ser Gin Thr Pro 
2915 2920 2925 

30 

Gly His Thr Glu Glu Leu Ala Asn Gly Ala Ala Asp Ser Phe Thr Ser 
2930 2935 2940 

Ala Pro Lys Gin Thr Pro Asp Ser Gly Lys Pro Leu Lys He Ser Arg 
35 2945 2950 2955 2960 

Arg Val Leu Arg Ala Pro Lys Val Glu Pro Val Gly Asp Val Val Ser 
2965 2970 2975 

40 Thr Arg Asp Pro Val Lys Ser Gin Ser Lys Ser Asn Thr Ser Leu Pro 
2980 2985 2990 

Pro Leu Pro Phe Lys Arg Gly Gly Gly Lys Asp Gly Ser Val Thr Gly 
2995 3000 3005 

45 

Thr Lys Arg Leu Arg Cys Met Pro Ala Pro Glu Glu He Val Glu Glu 
3010 3015 3020 

Leu Pro Ala Ser Lys Lys Gin Arg Val Ala Pro Arg Ala Arg Gly Lys 
50 3025 3030 3035 3040 

Ser Ser Glu Pro Val Val He Met Lys Arg Ser Leu Arg Thr Ser Ala 
3045 3050 3055 

55 Lys Arg He Glu Pro Ala Glu Glu Leu Asn Ser Asn Asp Met Lys Thr 
3060 3065 3070 

Asn Lys Glu Glu His Lys Leu Gin Asp Ser Val Pro Glu Asn Lys Gly 
3075 3080 3085 

60 

He Ser Leu Arg Ser Arg Arg Gin Asp Lys Thr Glu Ala Glu Gin Gin 
3090 3095 3100 
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lie Thr Glu Val Phe Val Leu Ala Glu Arg lie Glu lie Asn Arg Asn 
3105 3110 3115 3120 

Glu Lys Lys Pro Met Lys Thr Ser Pro Glu Met Asp lie Gin Asn Pro 
5 3125 3130 3135 

Asp Asp Gly Ala Arg Lys Pro lie Pro Arg Asp Lys Val Thr Glu Asn 
3140 3145 3150 

10 Lys Arg Cys Leu Arg Ser Ala Arg Gin Asn Glu Ser Ser Gin Pro Lys 
3155 3160 3165 

Val Ala Glu Glu Ser Gly Gly Gin Lys Ser Ala Lys Val Leu Met Gin 
3170 3175 3180 

15 

* Asn Gin Lys Gly Lys Gly Glu Ala Gly Asn Ser Asp Ser Met Cys Leu 
3185 3190 3195 3200 

Arg Ser Arg Lys Thr Lys Ser Gin Pro Ala Ala Ser Thr Leu Glu Ser 
20 3205 3210 3215 

Lys Ser Val Gin Arg Val Thr Arg Ser Val Lys Arg Cys Ala Glu Asn 
3220 3225 3230 

25 Pro Lys Lys Ala Glu Asp Asn Val Cys Val Lys Lys lie Thr Thr Arg 
3235 3240 3245 

Ser His Arg Asp Ser Glu Asp lie 
3250 3255 

30 

(2) INFORMATION FOR SEQ ID NO : 3: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 23 base pairs 
35 (B) TYPE: Nucleotid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
40 (A) description: /desc = "synthetic oligonucleotide" 



45 (xi) SEQUENCE DISCRIPTION: SEQ ID NO: 3: 

ACCAGGCGTC TCGTGGGCCA CAT 23 
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PCT/EP99/03451 

Patent claims 

1 . Use of an oligoribo- or oligodeoxyribonucleotide which is 
capable of hybridizing with the mRNA which codes for the 
protein Ki-67, or of a physiologically acceptable salt 
thereof, for the preparation of a medicament for destroying 
proliferating cells, 

2. Use according to claim 1, characterized in that the 
nucleotide sequence of the oligoribo- or 
oligodeoxyribonucleotide is complementary to SEQ ID NO 1. 

3. Use according to claim 2, characterized in that the 
nucleotide sequence of the oligoribo- or 
oligodeoxyribonucleotide is complementary to the section 
from position 197 to 9962 of SEQ ID NO 1 . 

4. Use according to anyone of claims 1 to 3, characterized in 
that the oligoribo- or oligodeoxyribonucleotide contains 12 
to 66 nucleotides. 

5. Use according to anyone of claims 1 to 4 , characterized in 
that the oligoribo- or oligodeoxyribonucleotide contains 17 
to 46 nucleotides. 

6. Use according to anyone of claims 1 to 5, characterized in 
that the oligoribo- or oligodeoxyribonucleotide has the 
sequence ( 5 ' -ACC AGG CGT CTC GTG GGC CAC AT). 

7. Use according to anyone of claims 1 to 6 , characterized in 
that one or more phosphate groups of the oligoribo- or 
oligodeoxyribonucleotide are replaced by phosphothioate , 
methylphosphonate , phosphoramidate , methylene (methylimino ) 
and/or guanidine group(s). 
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8. Use according to anyone of claims 1 to 7 , characterized in 
that the oligoribo- or oligodeoxyribonucleotide has a 
terminal 3' -3' and/or 5 '-5' internucleot ide linkage. 

9. Medicament, characterized by a content of an oligoribo- 
and/or oligodeoxyribonucleotide which is capable of 
hybridizing with the mRNA which codes for the cell cycle- 
associated protein Ki-67, or of a physiologically 
acceptable salt thereof, in addition to conventional 
carrier substances, auxiliaries and/or additives, wherein 
the amount of oligonucleotide is adjusted such that an 
administration of 0.001 to 100 mg/kg of body weight is 
achieved . 

10. Use according to anyone of claims 1 to 8 for treatment of 
tumours, autoimmune diseases , cicatrization, inflammations, 
allergies, rheumatic diseases and rejection reactions 
following transplantations . 

11. Process for the preparation of a medicament for destroying 
proliferating cells, characterized by the use of oligoribo- 
or oligodeoxyribonucleotides which are capable of 
hybridizing with the mRNA which codes for the protein Ki- 
67, or of a physiologically acceptable salt thereof. 

12. Process according to claim 11 for the preparation of a 
medicament for treatment of tumours, autoimmune diseases, 
cicatrization, inflammations, allergies, rheumatic diseases 
or rejection reactions following transplantations. 

13. Process according to claim 11 or 12, comprising combining 
of an oligoribo- or oligodeoxyribonucleotide which is 
capable of hybridizing with the mRNA which codes for the 
protein Ki-67 with conventional carrier substances, 
auxiliaries and/or additives. 
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14. Oligoribo- or oligodeoxyribonucleotide, characterized in 
that it is capable of hybridizing with the mRNA which codes 
for the protein Ki-67, and that it contains 22 to 46 
nucleotides, or a physiologically acceptable salt thereof. 



Oligoribo- or oligodeoxyribonucleotide according to claim 
14, characterized in that it contains the sequence (5' -ACC 
AGG TGA GCC GAG GAC GCC AT) . 



Abstract 



The invention relates to oligoribo- and oligodeoxyribonucleotides 
which are suitable for treating pathological conditions 
accompanied by increased cell proliferation. The oligoribo- and 
oligodeoxyribonucleotides are characterized in that they are able 
to hybridise with the mRNA which codes for the cell cycle- 
associated protein Ki-67. 
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Complete nucleotide sequence of the cDNA of the protein 
Ki-67 and the protein amino acid sequence derived 

therefrom. 
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Figure 1 
(continued) 



1 K i CJir-V-l.ft.AV 



<-r Z V ." c: T' V 



a> xc c * c*c *. w ^crt^T xAJutrt: * 



t Bi?Jut—rxc nuci-ix* rxHcr.n>-c iEo'Jrxec ] 



5 03; 



kXXl 



n p -j v : « r p 5 - 



>3*o 

2oro 



SET; -?n-:V>-3*"» C7 5- *- J'X 
rnt- or TH3 ^UCJ C~3f 13 - - ] 

C^GOAJUkT XACT^X^ XTT*«*CJ-aC xxr 

.cx*.'^ccci~iJ.CfcCcrtccCAiiCiT5 j ;i^xrrcxSAJ. 



f tipjjrrirr "»ocl:jls txjscit:>c sscyrycs.-— 

x cjLCAixx^A tu*oc rcc c xoc c rcicjn; a<« xcx^Trvivec 




"IX *■ C XXAJkACC C AXC T GtrH XA-fcXAT".*. ^T T^TTC 7 CX ^XXCTT"CT 

■icrrcwc xcc c«K?=c^r-rcTi; xxccxtrr^rcG =c 
cxx^=rTT^ccTO^«^rrTT^xcxx^-c>^^ 

crc cx&wic cctcccacc xxcxxc t x?ccrc crcrcrcc :ixxc xcrsxicx&=cxcrc 

CCTXX^^LCGX^TCJO^TCSC^-A^er 

cjUL-roocco<>G<>5-zxrTV^ -Trctr. txjLxrrx>G<scTrx.rTec A^TcrccxrxyJGxcxcrc 
^*&cxcaSc ii^:v xo<x:xccxa<^<^^ 

ccxrrcTTc^xjtrjLCT^rrrcr xj»erx g«ittgctc?cjlcct^ xcxcxjttct-c cxccc &c e 
<^*^TC^cxo<><rrcccxc<>c tct: ccccqijckc jkccr c >. *.« c rgorr-c c-rx*.ac iccx.isc 
Tr-r rtr-rc co^TT^xxxccT-rcc<; x-lct^txcxccc re rocrc cccc c j ^.z. — cz zt ci ^ 

XCTCTXTCT«CA^CC^A3rtX:exCCtXCriX^ CTCTSTA-OLtiC 

crrrcrc CXCCTTCX 

XCTTTCCXCTTTOCCCXC 

c^c>Tcccc^>cxrT^^crcr7^t\>Gv-rcccrccc 
crcx<;Gxr<^rcc>ccxiACxcccTAi>cT>7rcccc 




SOC*:=CCX<xrTgXCXT C*T>JU^T X^ 

r^xxcTXTXTTOG c irct c xrcxrxwc rrcnixcx ^concxrccArcxrccrxx scexcx 
j>T5X4:xrTcz^r^r^AocOk«cJOk.Tx*; xajl<x*zzc.*.z&z xcccc xcxrcrcxcaccrTc 
xcx<;ecurrc^ axjwt-ggtx cx«ox:rirar^ccAft<x^xcxgLCA&ec4:x 

*C*.C TCCCTC—XGC XC XCK^ACTTrT^XAjOCTrCTCXtiiiC xTXJU^THCrTCCCrCTXCCT 

Acc-ccxxcmxxxx c. - . vx- err xoc trrr^c _ x t-g xt^ >>x ct^--^--ct xjaixe nrix 
t;xcTrxwr>j; rxjtrrxixi^ccTcrxc^TxcxijLJULTTTCXTCCx&ccxrAi cccrcxccx 
^ reexxrx^rc zttxc i-xcxxjulxtcc tttxc xt:^ nixxXTCTxxccxcxAxrc-i iuc 
-rcAXCTxrcrcxGcxcc— - . i ^r^cccTCcrxxGTXcxgrxzTrcxxcxccxcPCTXAg 
w^;cccl^: i-. - n-xii i i xcxc<K u:i^ 7 i^ xT&xTcccTrTxjLjuu^rcTTcxrrr^^c^ 
ccc cc" ^. J ,i xx.TA^XTCXACxc>cxcr n. Txexc>ACgicTc<: rrcjrrxcrii5occL»vCC<iA 

C> CL^TCTCACXJUkTXCTx^CCCXTTCCC CTACCCTCXCr^C^TTTCXCXXCXXATXCCCXC 

xjkix JCxcxT^ccrj^TTJLJLj^t:fcCXACcTg i r .i i xc f.;: r ccccrci:; *cci^ coerce 
<^rirrc^rcccccxG<;cT^cTTcccctrrTCTrxcx£r;^cTcri 

OCCTC^C— X&i^CX^XCCTr:CXACCACCJtcXCXC^CCTC-Cr=5 " n-CCCTCCCTGCX, 

icrrrc r exec* &c rnrexe cxacxtcxtttcax ccxcrc crcxocrc xcc— xxcccx.ee 

AT-rc- r _c TCTxccTcrTT^^c^ccrxcrcrTJrg>Jkxczxxcc=A<rr 

ctxttttc ; rcw-rrxCTC^-XTcc c >c tca-ccx-cccxgx oc xcxr^rtrcxxTx^cTXTrC'rc. 
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Figure 2 

Structure of sugar- and phosphate-modified 
oligonucleotides 
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Figure 3 

Influence of oligonucleotides on RT4 cells 
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Figure 4 

Influence of the solvent on RT4 cells 
( negat ive control ) 
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Figure 5 

Influence of oligonucleotides on RT4 cells by 

micro in j ection 
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Figure 6 

Influence of oligonucleotides on J82 cells 
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